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(union  Aloll  has  a single  iwssuge  between  the  ocean  ami  lagoon  and  has  eonspiettoiis  cm  iron- 
irenlul  gradients  from  llnit  passage  lo  the  hack  lagoon.  These  gradients  include  the  pin  smgraphy 
ol  'lie  lagoon  floor,  water  nuulity.  and  the  diversity  and  abundance  of  corals,  fishes,  ami 
mothwks.  The  gradients  can  apparently  he  altrihuied  either  directly  or  indirectly  lo  vacillation 
and  water  motion  within  the  lagoon.  Those  oceanographic  characteristics  can.  n turn,  he 
attributed  to  the  geological  history  ol  the  atoll,  including  some  human  modification  oi  t he  pass 
eonfiguratlon. 
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SUMMARY 


Canton  Atoll  has  a single  passage  between  the  ocean  and  lagoon  und  has 
conspicuous  environmental  gradients  from  that  passage  to  the  hack  lagoon. 
These  gradients  include  the  physiography  of  the  lagoon  floor,  water  quality, 
und  the  diversity  and  abundance  of  corals,  fishes,  and  mollusks.  The  gradi- 
ents cun  apparently  be  attributed  either  directly  or  indirectly  to  circulation 
und  water  motion  within  the  lugoon.  Those  oceunogruphic  characteristics  cun. 
in  turn,  be  attributed  to  the  geological  history  of  the  atoll,  including  some 
humuu  modification  of  the  pass  configuration. 

In  addition  to  the  studies  of  the  atoll  lagoon,  the  characteristics  of  the 
groundwuter  system  are  noted.  Evidence  from  isolated  stunding  water 
bodies  on  the  atoll  demonstrates  that  these  features  show  considerable 
variability . which  may  be  attributed  to  a combination  of  the  Immediately 
previous  history  of  these  bodies  as  well  as  to  the  physiography  of  the  utnll. 
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SYNOPSIS 


Cunton  Atoll"1  is  the  largest  of  eight  islands  in  the  Phoenix  Islands  of  the 
South  Pacific  Ocean  (Frontispiece).  The  atoll  has  been  the  subject  of  several 
surveys,  most  of  which  have  dealt  with  aspects  of  the  terrestrial  biota.  The 
present  report  is,  for  the  most  part,  based  on  a marine  environmental  survey 
conducted  by  the  Marine  Environmental  Management  Office  (Naval  Undersea 
Center.  Hawaii  Laboratory)  between  27  November  and  1 1 December  1973,  at 
the  request  of  the  USAF  Environmental  Health  Laboratory  (Kelly  Air  Force 
Base.  Texas).  Scientists  participating  in  the  expedition  included  E.  C.  Evans  III, 

J.  G.  Grovhoug,  and  R.  S.  Henderson  (MEMO):  P.  L.  Jokiel  and  E.  B.  Guinther 
(Hawaii  Institute  of  Marine  Biology.  University  of  Hawaii);  and  S.  V.  Smith 
(HIMB/MEMO).  Also  present  wusC.  T.  Peterson  (NUC).  who  not  only 
provided  photographic  documentation  but  also  assisted  in  the  various  scientif  ic 
tasks.  Additional  survey  information  incorporated  into  this  report  includes  coral 
observations  by  J.  h.  Marugos  ( HIM B > in  September  197.1  and  both  hydrographic 
information  and  coral  observations  by  P.  L,  Jokiel  und  R.  H.  Callahan  (USAF) 
in  June  1972.  In  addition.  E.  A.  Kay  (Department  of  General  Science.  UH)  has 
analyzed  and  reported  on  the  micromollusks  in  sediment  samples  from  Canton 
lagoon. 

The  primary  justification  for  MEMO  and  H1MB  participating  in  this 
expedition  was  the  opportunity  to  collect  a broad  variety  of  biological  and 
physiochemieal  data  for  comparing  Canton  Atoll  with  other  marine  environ- 
ments. the  ultimate  goal  being  the  development  of  an  environmental  range  for 
the  objective  intercomparison  of  geographically  separated  marine  environ- 
ments. In  keeping  with  such  a justification,  the  Canton  duta  have  been  stored  in 
the  Hawaii  Coastal  Zone  Data  Bank  of  the  University  of  Hawaii. 

This  survey  of  the  Canton  Atoll  lagoon  was  undertaken  to  determine  the 
distribution  of  abiotic  environmental  variables  and  biotic  responses  to  these 
variables.  In  particular,  there  has  been  an  attempt  to  find  what  effects,  if  any, 
human  influence  has  had  on  the  atoll.  As  is  true  for  most  surveys  of  remote  sites, 
the  available  data  are  largely  restricted  to  a single  instant  in  time.  In  view  of  the 
tremendous  meteorological  variations,  this  limited  time  frame  of  data  is  unfor- 
tunate. However,  the  relatively  simple  physical  configuration  of  the  lagoon, 
some  ancillary  data  which  were  gathered  before  and  after  the  major  survey,  and 


•The  term  “Cunton  Atoll"  Is  officially  sanctioned  by  the  US  Board  on  u.ographle  Names;  the  term 
“Canton  Island"  will  be  used  throughout  in  reference  to  the  main  Island  of  that  atoll. 
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the  interpretation  of  physiographic  features  in  the  lagoon  allow  far-reaching 
inferences  to  be  made  from  this  survey, 

The  Canton  lagoon  is  almost  landlocked,  with  a single  pass  on  the  western 
side  of  the  atoll.  Other  shallower  passes,  ulso  along  the  western  side  of  the  atoll 
and  north  of  the  present  puss,  were  artificially  closed  during  causeway  construc- 
tion about  1943.  The  area  of  the  lagoon  is  about  50  km1 , and  the  mean  depth 
of  the  lagoon  is  about  6 m. 

The  lagoon  physiography  and  biota  can  be  described  in  terms  of  four  zones, 
The  first  of  these  (the  Pass  Zone)  is  within  2 km  of  the  pass  and  has  well- 
developed  patch  reefs  and  coral  knolls,  The  second  zone  (Line  Reef  Zone) 
extends  ‘tom  2 to  8 km  from  the  pass  and  is  characterized  by  linear  reefs  with 
fewer  corals.  The  third  zone  (Back  Lagoon  Zone)  is  in  the  most  distant,  south- 
eastern corner  of  the  lagoon,  has  few  reef  structures  and  very  few  live  corals.  The 
fourth  zone  (Altered  Zone)  has  reef  structures  which  are  physiographically 
similar  to  the  Pass  Zone,  but  has  a live  coral  distribution  which  looks  more  like 
that  in  the  Line  Reef  Zone.  The  ocean  reefs  of  the  atoll  undoubtedly  also  show 
zonation  (at  least  into  windward  and  leeward  reefs).  During  the  present  investi- 
gation virtually  all  examination  of  the  ocean  reefs  was  confined  to  the  leeward 
(western  and  southern)  portion  of  the  atoll. 

Water  *s  exchanged  betwee,,  me  ocean  and  lagoon  by  tidal  flushing  at  the 
single  pass.  Flushing  is  most  efficient  near  the  pass:  throughout  the  rest  of  the 
lagoon,  flushing  is  accomplished  less  rapidly  by  tidal  and  wind  mixing.  During 
the  time  of  this  survey,  and  apparently  under  most  conditions  at  Canton,  there 
is  an  excess  of  evaporation  over  rainfall.  Hence,  salinity  in  the  back  lagoon  is  al- 
most 40  o/oo,  or  4 o/oo  above  oceanic  values. 

Water  enters  the  lugoon  relatively  nutrient  rich  (about  0,6  mmole  P/m3 , 3.6 
mmoles  N/mJ ).  By  the  time  the  water  reaches  the  buck  lagoon,  these  nutrients 
have  been  depleted  to  near  0,  Based  on  nutrient  and  COj  budgets,  the  net  orgunic 
carbon  production  was  6 g C m'J  day'1 , and  CuCOj  production  wus  1 .4  g CaCOj 
rrf2  day'1 . All  metabolic  rates  were  highest  near  the  pass.  Most  of  the  CaCOj 
produced  in  the  lugoon  remains  there  and  contributes  to  lagoon  in-filling.  The 
high  gross  and  low  net  organic  carbon  production  Indicate  that  ofganlc  products 
are  effectively  recycled  by  the  system.  Most  of  the  net  organic  carbon  produc- 
tion which  does  occur  is  lost  from  the  lugoon. 

The  distribution  patterns  of  three  major  groups  of  organisms  were  examined: 
corals,  fishes,  and  micromollusks,  A total  of  82  coral  species  front  38  generu  were 
found  at  Canton.  Coruls  on  the  slope  of  the  leewurd  ocean  reef  uppeur  to  be 
controlled  largely  by  Interactions  among  the  various  species.  Both  on  the  reef 
flats  of  the  ocean  reefs  und  in  the  lugoon,  the  coral  distribution  Is  apparently 
controlled  by  physical  conditions.  The  number  of  species  und  the  coral  cover  in 
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the  lagoon  decreuse  with  increasing  distance  from  the  puss.  Some  aspect  of  circu- 
lation. perhaps  water  motion,  is  likely  to  he  the  major  variable  controlling  this 
distribution.  The  number  of  coral  genera  observed  at  Canton  is  consistent  with 
the  generally  held  idea  that  coral  diversity  decreases  from  west  to  eust  across  the 
Pacific  Ocean.  Comparison  of  the  Canton  corals  with  the  biota  of  other  nearby 
reef  areas  demonstrates  peculiar,  and  not  entirely  understood,  discontinuities 
and  putterns  of  dominance  from  one  area  to  another. 

Data  from  this  survey  expand  the  number  of  fish  species  reported  from 
Canton  Island  to  264  species  from  50  families.  This  number  is  consistent  with 
similarly  conducted  surveys  elsewhere  in  the  Central  Pacific  Ocean.  The  fishes 
also  show  a general  pattern  of  decreasing  numbers  and  species  with  distance 
into  the  lagoon  and  away  from  the  pass.  As  with  the  coVals,  the  richest  fish 
populations  arc  on  the  reef  slope  outside  the  lagoon.  Availability  of  suitable 
substrata,  largely  in  the  form  of  corals,  is  the  major  parameter  controlling  the 
fish  distribution.  The  distributions  of  selected  fish  species  reveal  several  distinc- 
tive distribution  patterns.  Several  species  may  be  found  at  any  location  having 
adequate  substrata.  Other  groups  show  subtle  variations  but  a general  preference 
for  ureas  of  good  reef  development . 

The  third  group  of  organisms  examined  during  this  study  was  the  micro- 
mollusks.  A total  of  l>0  species  was  recorded.  These  could  be  divided  into  three 
assemblages:  slope  of  the  seaward  reel',  outer  lagoon,  and  inner  lagoon.  The 
seaward  reef  sample  has  a low  standing  crop  and  high  diversity,  while  both  lagoon 
assemblages  have  higher  standing  crops  and  lower  diversities.  Some  aspect  of 
water  composition,  perhaps  salinity,  is  postulated  to  be  a maior  control  in  these 
molluscun  distribution  patterns.  Turbidity  of  lagoon  water  and  the  nature  of 
available  substrata  may  also  he  major  controlling  variables 

There  are  common  characteristics  to  ail  three  groups  of  organisms.  The 
outer  reef  slope  on  the  leeward  side  of  the  atoll  has  a high  species  diversity, 
and  competitive  pressures  seem  likely  to  be  the  dominant  influence  on  compo- 
sition. The  lagoon  biota  become  progressively  less  diverse  with  distance  from  the 
puss.  Various  physical  factors  can  be  called  upon  to  explain  this  diminishing 
diversity. 

Sampling  of  water  bodies  on  the  atoll  reveals  that  these  features  are  also 
related  to  the  physiography  of  the  aP,ll.  Standing  water  occurs  in  various  low 
spots  on  the  atoll,  and  maior  grour..  of  ponded  water  bodies  have  salinities 
ranging  From  well  below  to  well  above  oceanic  values.  These  patterns  must 
record,  in  part.  the  degre-'  of  connection  between  the  ponds  and  the  ground- 
water  system  of  the  atoll.  Highest  salinity  values  arc  found  in  the  largest  water 
bodies,  which  probably  have  a relatively  slow  exchange  with  the  groundwater. 
Nutrient  and  chlorophyll  levels  show  no  such  common  patterns  from  one  water 
body  to  another.  It  appeurs  that  the  composition  of  each  pond  is  sensitive  to  its 
immediately  previous  environmental  history 


Thus,  the  physiography  of  the  atoll,  and  therefore  in  large  part  the 
geological  history  of  the  atoll,  exerts  major  control  on  both  the  biotic  and  abiotic 
characteristics  of  the  lagoon.  Man's  effect  on  the  aquatic  aspects  of  the  ecosystem 
can  also  be  expressed  in  terms  of  physiography.  Alteration  of  pass  configuration 
along  the  western  side  of  the  atoll  has  clearly  changed  circulation,  wutcr  compo- 
sition. and  biotic  composition.  On  land,  man  has  altered  the  topography  and 
therefore  the  characteristics  of  water  bodies.  With  local  exceptions,  these 
artificial  effects  have  apparently  been  small  in  comparison  with  the  natural 
processes  of  physiographic  changeover  the  past  several  thousand  years. 
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; CANTON  ATOLL  LAGOON  PHYSIOGRAPHY  AND  GENERAL 

\ OCEANOGRAPHIC  OBSERVATIONS 
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by 

R.  S.  Henderson 
P.  L.  J ok  tel 
S.  V.  Smith 
I.  G.  Grovhoui 


ABSTRACT 


The  tour  mujor  physiographic  zones  of  the  Canton  Atoll  lagoon  are  defined 
as  the  Pass  Zone,  the  Line  Reef  Zone,  the  Back  Lagoon  Zone,  und  the  Altered 
Zone.  Kuoh  of  these  zones  has  a characteristic  physiography,  biota,  and  water 
quality.  The  Altered  Zone  is  noteworthy,  because  it  appears  to  have  originated 
from  the  degradation  of  other  zones  brought  about  by  dredge  und  fill  operations. 
There  docs  not  appear  to  he  any  other  major  artificial  dainugc  to  the  lagoon, 
aside  from  direct  mechanical  destruction  by  dredging. 

The  predominant  aspects  of  lugoon  circulation  are  wind  drift  und  tidal 
How.  Although  lugoon  tides  show  u pronounced  lug  with  respect  to  the  ocean 
tides,  there  is  no  measurable  amplitude  attenuation  from  the  ocean  to  the  back 
lugoon. 
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GENERAL  OBSERVATIONS 


The  Canton  Atoll  lugoon  may  be  divided  into  lour  major  physiographic 
zones:  the  Puss  Zone,  the  Line  Reel  Zone,  the  Buck  Lagoon  Zone,  and  the 
Altered  Zone.  Approximate  boundaries  of  the  zones  are  shown  In  the  Frontis- 
piece. Then..*  lugoon  zones,  ulthough  shown  us  distinctly  hounded,  are  broudly 
transitional  from  one  to  another. 

Within  the  Puss  Zone,  extending  to  approximately  2 kin  from  the  pussuge 
between  the  ocean  and  lugoon,  tidal  Hushing  is  obviously  the  dominant  I'uctor  in 
muintuining  un  environment  that  is  rich  In  biota  and  that  has  nearly  oceanic 
wuter  quality.  Patch  reel's  ure  the  most  common  physiographic  features  in  this 
zone,  especially  immediately  east  and  southeast  of  the  puss.  Neutlv  half  of  the 
lagoon  floor  in  this  zone  was  dredged  during  the  construction  of  seaplane  run- 
ways and  a ship-turning  basin.  Figure  1 Isun  air  photograph  showing  much  of 
the  Puss  Zone  und  purt  of  the  Line  Reef  Zone. 


I'lliurc  I.  Oblique  air  phuioiituph  nhowtnp  a portion 
nl'  the  norihcuaiern  latioon  I'riniilnii  Inieriklul  lluln 
iiori’imiunU),  linear  teal*,  und  the  up|iurenil>  npen- 
wulcr  area  of  the  I’ann  Zone  lhuek|irouiiUi. 
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In  the  centrul  lugoon,  within  a 2 to  8 km  distance  from  the  pass,  line  reefs 
extending  in  un  approximately  north-south  direction  or  interconnected  into  a 
cellular  network  (Fig.  2)  are  the  predominant  features.  Along  the  intertidal  Huts 
fringing  the  lagoon  in  the  Line  Reef  Zone,  some  reef  patches  protrude  through 
the  sund-covered  slope.  The  crests  of  these  structures  ure  kept  free  of  sediment 
by  relatively  high-velocity  tidal  currents. 

The  Buck  Lagoon  Zone  is  the  zone  most  distunt  from  the  influence  of  the 
lagoon  pass  (Fig.  3).  In  this  zone,  line  reel’s  are  lucking,  patch  reefs  ure  sparse, 
und  most  of  the  hard  substratum  (including  much  of  the  live  coral)  is  covered 
with  a thin  layer  of  fine  sediment.  Tidal  currents  are  huroly  discernible. 
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Sonic  reel's  in  the  ( union  Atoll  lagoon  show  definite  signs  of  degradation 
which  have  apparently  oeenred  recently  (within  the  lust  100  yours).  These 
chungesurc  most  obvious  in  the  Altered  Zone,  located  in  the  northwestern 
corner  of  the  lugoon.  Patch  reel's  are  common  in  this  zone,  and  some  line  reef 
structures  occur  in  the  southeastern  portion  of  the  urea.  Yet  live  corul  is  sparse 
on  the  reef  und  is  limited  to  u small  number  of  hardy  species;  practically  all  hurd 
and  soft  sub‘tiutu  ure  being  covered  with  fine  sediment.  At  present  this  corner  of 
the  lugoon  hus  poor  water  circulation,  relatively  high  sulinity,  low  nutrients,  and 
very  high  turbidity.  An  explanation  for  the  condition  of  this  zone  can  'ppurently 
be  found  in  human  modification  of  the  atoll  physiography 

A generul  description  of  the  atoll  prior  to  ll>3H  has  been  compiled  from  a 
number  of  sources  (field  notes  of  and  personal  discussion  with  B.  H.  Bryun,  Jr,; 
aerial  photographs;  and  a Id.lX  survey  of  the  atoll  by  Henslee  Towill). 

Before  human  disturbance,  the  Canton  Atoll  lugoon  was  connected  to  the 
open  ocean  by  four  entrances  along  the  western  side  of  the  atoll  (l-'ig,  4.  left). 
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During  the  early  years  of  World  War  II,  three  of  the  entrances  were  closed  by 
euuxewuys,  and  an  additional  H-meter-deep  ship  channel  was  cut  through  the 
atoll  rim,  leaving  un  isolated  reninunt  of  land  now  known  us  Spurn  Islund,  two 
rows  of  dredge  spoils  near  the  puss,  und  a small  dredged  Islund  in  mid-lugoon. 

Entrance  I still  exists:  it  was  deepened  in  I ‘M3  when  the  ship  chunnel  wus 
dredged  (l)egener  und  Gilluspy,  I 455).  Spam  Islam*.,  the  remaining  (double)  puss, 
and  the  dredge  spoils  cun  be  seen  in  Fig.  I and  4 (right). 

At  the  present  time,  Entrance  I at  Its  narrowest  and  shallowest  point  is 
upproximutcly  150  ni  wide  and  5 m deep.  In  his  original  field  notes, 

E.  H.  Bryan.  Jr.  (notes  of  Whitney  South  Sea  Expedition  of  the  American 
Museum  of  Natural  History.  March  1024;  on  file  at  Bishop  Museum,  Honolulu) 
described  Entrance  I us  “GO-1 50  yards  wide.  deep,  blocked  on  inside  by  coral 
heads.”  Entrance  2 was  "about  200  yards  wide,  shallow,  full  of  rocks  and  coral 
can  be  easily  waded).”  He  found  Entrance  5 to  be  “1540  yards  wide  in  places 
knee  deep,  but  with  deeper  pools.”  Entrance  4 was  “20*50  yards  wide,  very  long 
and  winding,  making  two  turns,  deep  in  spots  (up  to  1 0-1  2 feet),  oilier  places 
shallow  (knee  deep)  ” Water  seldom  (lowed  through  this  puss. 

The  dredge  probably  was  brought  through  Entrance  I.  cutting  the  chunnel 
through  the  shallow  (exposed  at  low  tide)  ( oral  Garden  urea.  This  channel  is 
approximately  5 m deep  and  100  m wide  Dredge  spoils  were  deposited  along 
the  channels,  forming  long,  narrow,  steep-sided  islands  which  rise  to  a height  of 
over  5 m above  sea  level.  The  turning  basin  was  cleared  und  the  deep  channel 
was  probably  dredged  from  the  lagoon  side,  Eater,  the  seaplane  runways  were 
cleared  (Fig.  4.  right).  In  terms  of  altered  water  circulation,  the  most  signifi- 
cant result  of  the  runway  dredging  appears  to  have  been  the  breaching  of  the 
line  reefs  at  the  end  of  the  east-west  runway. 

| Prior  to  dredging,  much  of  the  water  entering  Entrance  I was  deflected 

f south  by  the  (’oral  Gardens  Reef,  and  water  velocity  through  Entrance  I 

I probably  reached  nearly  5. m/s.  A smaller  portion  of  the  water  wus  deflected 

I north.  Lush  coral  growth  typified  the  entire  western  portion  of  the  lagoon.  The 

| line  reel's  (called  “cross  reel's"  in  Bryan's  1 4> 24  notes)  were  characterized  by 

I what  Bryan  described  as  “masses  of  forked,  candelabra-like,  brown,  sharp-tipped 

coral,  which  rises  out  of  the  water."  Undoubtedly  he  was  describing  Mlllcfumi 
He  also  noted  the  presence  of  "purple  coral.”  This  coral  was  probably  Monli/xmi 
tuhciruloxti,  which  is  unite  eye-catching  at  Canton  and  is  still  to  be  found  on  the 
shallow  patch  reel's  near  the  pass.  Bryan  found  the  back  lagoon  to  be  compara- 
tively free  of  corals,  a condition  which  persists  to  present  limes. 

Although  Entrances  2. .(.and  4 were  shallow  and  probably  did  not  provide 
as  high  a volume  exchange  as  Entrance  I. their  presence  was  obviously  of  great 
importance  to  the  flushing  and  circulation  of  the  northwestern  lagoon,  Without 
these  nearl  y sources  of  oceanic  water,  the  patch  reels  have  ceused  normal 
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growth ; t no  general  environment  of  the  Altered  Zone  in  more  neurly  like  that  of 
the  hack  lagoon,  t 'losing  the  northern  passes  apparently  did  not  reduce  the  total 
volume  of  tidal  exchange  of  the  lanoon.  as  evidenced  hy  the  tide-gauge  data, 
which  show  no  attenuation  of  tidal  amplitude  from  the  ocean  to  the  buck  lagoon 
(Fig.  5 1.  However,  this  change  did  greally  affect  the  circulation  velocities  and 
patterns  of  the  western  lagoon.  Most  of  the  lagoon  environment  located  beyond 
the  Hass  Zone  and  Altered  Zone  areas  was  probably  not  appreciably  affected  by 
the  pass  modifications.  The  distance  of  most  of  the  lagoon  to  the  nearest  pass 
remained  unaltered  because  of  the  lagoon  and  pass  geometry. 

Lagoon  T id* 
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figure  $■  Tide  gunge  record*  ui  ocean  ttuiloti  und  lugnnn  Million. 

Deleterious  effects  on  the  marine  environment,  aside  from  the  purely 
mechanical  demolition  of  reef  structures,  are  not  obvious  near  the  present  passes. 
However,  dredging  of  reef  structures  within  the  lagoon  has  had  lasting  impact  on 
the  circulation  and  water  quality  of  the  inner  lagoon  /ones.  For  example,  in 
those  areas  where  line  reef  structures  were  removed  at  the  eastern  portion  of  the 
seaplane  runway,  the  edges  of  the  remaining  reef  are  now  subjected  to  only 
relatively  sluggish  tidal  flow  through  the  deepened  channels  instead  of  the 
strong,  shoaling  currents  that  previously  crossed  these  structures.  Flic  truncated 
reef  edges  exhibit  more  fine  sediment  cover,  fewer  fish,  and  fewer  live  corals 
than  utulrcdged  portions  of  line  reels.  Thick  algal  mats  and  buoyant  stringers  of 
algae  are  common  on  much  of  the  shallow  substrata  of  these  local  altered  areas. 

Aside  from  the  temporary  delivery  of  wind-borne  crushed  limestone 
powder  (and  along  with  It.  possibly  ammonia  and  other  terrestrial  materials)  In 
tlk  ! unl  and  lagoon  surface  of  the  northern  edge  of  the  atoll,  no  t|iiuntilulivciy 
significant  inpu*  of  man-made  pollutant  was  noted  at  the  time  of  this  survey. 


II 


The  intertidal  and  nearshore  areas  of  the  oceanic  fringing  reef  are  generally 
in  good  health  and  appear  to  be  unaffected  by  water  exiting  the  lagoon.  Most  of 
the  water  exiting  the  lagoon  is  of  approximately  oceanic  composition  because 
of  relatively  limited  horizontal  mixing  in  the  inner  lagoon.  This  plume  of  water 
from  the  lagoon  is  quickly  diluted  and  dispersed  by  ocean  currents. 

Although  the  intertidal  fringing  reef  Hats  may  appear  barren,  these  areas 
are  important  to  the  utoll  biota  because  of  the  inconspicuous  algal  turf  that 
covers  most  of  the  surface.  Many  cryptic  organisms  (for  example,  Foramlnit'era 
and  mollusks)  abound  in  this  turf.  The  turf  is  grazed  by  herbivorous  organisms 
and  thus  provides  one  of  the  major  food  sources  in  the  food  web  of  the  reef 
community,  Because  of  its  intertidal  location,  the  turf  is  vulnerable  to  pollutants 
flouting  on  the  water  surface.  Some  degree  of  alteration  is  presently  being 
imposed  upon  a small  section  of  the  reef  Hat  near  the  xewuge  outfall  off  the 
northwestern  shore  of  the  island. 

Two  Stevens  type  F well-level  recording  devices  were  installed  to  compure 
tide  heights  and  phases  at  an  ocean  station  immediately  outside  the  pass  with  a 
station  in  the  southeastern  corner  of  the  lagoon.  The  locutions  are  labelled  T(5I 
and  TC12  on  Fig.  b.  Figure  5 shows  portions  of  recorder  trueings  from  the  two 
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stations.  There  is  a 100-minute  time  lag  between  the  ocean  and  tidal  extremes 
and  those  of  the  lagoon,  hut  no  measurable  attenuation  of  tidal  amplitude. 

Some  detail  muy  he  lost  in  this  tidal  record,  both  because  the  lagoon  gauge 
became  exposed  on  some  low  tides  and  because  there  was  a great  deal  of  high- 
frequency  noise  in  the  ocean  record.  Nevertheless,  the  records  fail  to  show  the 
dramatic  (about  SO1* ) attenuation  which  Gallagher  et  al.  1 1 1)7 1 ) observed  at 
banning  Atoll. 

Relatively  high-speed  tidal  currents  occur  and  could  he  sensed  by  divers  at 
most  locations  in  the  lagoon.  Direction  of  How  is  predominantly  away  from  the 
puss  on  a rising  tide  and  towards  the  puss  on  a falling  tide.  Along  the  lagoon 
shore,  the  How  is  to  or  from  the  shoreline  (but  complicated  there  by  wind  drift), 
Tidal  currents  are  most  pronounced  as  subsurface  currents.  Dye  packets  anchored 
to  the  bottom  or  in  midwatcr  provided  a qualitative  impression  of  tlow  patterns. 
The  high-speed  currents  at  the  pass  are  tidal,  occasionally  with  an  added  wind- 
induced  component. 

Surface-water  wind  drift  was  documented  at  five  lagoon  locations  by  the 
release  of  drift  cards  (Hat  cardboard  milk-carton  tops).  The  release  sites  are 
shown  in  f ig.  h.  Such  cards  indicate  how  surface,  wind-driven  pollutants  such  as 
oil  might  disperse;  however,  the  cards  reveal  little  or  no  information  about  the 
wind-driven  currents  immediately  below  the  water  surface.  Although  the  cards 
tend  to  move  in  a general  downwind  direction,  their  pattern  of  movement  is  not 
simple.  The  curds  may  move  some  distance  off  the  wind  track  lo  one  side  and 
then  gradually  shift  their  trajectory  to  another  pattern  relative  to  the  wind.  In 
some  instances,  the  cards  become  entrained  in  small  eddies.  Part  of  this  behavior 
undoubtedly  can  he  explained  by  classical  models  of  wind  drift  tFkmun  currents), 
The  interaction  of  the  tidal  currents  and  the  reef  obstructions  appears  to  have 
more  important  influences  on  wind-drift  patterns.  For  example,  cards  released 
on  the  upwind  side  of  a reel',  but  do  vnstream  of  the  reef  with  respect  to  tidal 
tlow.  were  seen  to  remain  ''trapped"  on  the  upwind  side  of  the  reef  even  though 
the  top  of  me  reef  was  submerged  by  several  decimeters.  Apparently  the  tidal 
currents  actually  break  the  surface  under  these  circumstances,  with  force  on  the 
sea  surface  equal  to  that  of  the  wind  drag. 

The  net  direction  of  surface  drift  is  ultimately  downwind.  As  shown  in 
Fig.  (>,  drift  cards  from  all  locations  except  DC- 1 were  found  several  days  after 
their  release  along  the  lagoon  beaches  south  of  the  pass.  Cards  from  that  single 
exception  ( DC-1 ) were  found  along  the  western  lugoon  shore  north  of  the  pass. 
During  the  survey  period,  the  wind  direction  ranged  from  NK  to  F, 

Incidentally,  the  drift  curds  only  confirm  the  pattern  suggested  by  other 
evidence.  Specific  recovery  sites  were  sandy  beaches  heavily  littered  by  flotsam 
and  jetsam.  Points  or  areas  clear  of  recent  sand  accumulation  or  debris  tended 
not  to  collect  drift  curds. 
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ABSTRACT 


E ndjact s of  water,  salt,  nutrients,  carbon  dioxide,  suspended  material,  and 
sediments  can  be  used  to  establish  the  dynamics  of  water  exchange,  biogeo- 
chemical reactions,  anil  sedimentation  in  the  Canton  Atoll  lugion. 

Maximum  water  residence  time  in  the  lagoon  is  about  ')•  .lays,  During  that 
time,  net  evaporation  raises  the  salinity  nearly  4 °/oo  above  oceanic  values. 
Phosphorus  utilization  in  the  lagoon  ;s  0.027  mmole  m‘ 2 day-1  : nitrogen  utili- 
zation is  about  8,5  times  this  rate.  Net  excess  organic  carbon  production  is 
assumed  to  be  100  times  the  rate  m phosphorus  utilization  (I hut  is.  about  3 
mmoles  m 2 day" 1 . or  30  mg  C m 2 day" 1 1.  Gross  production,  as  inferred  from 
gas  exchange  between  the  air  and  watei.  is  (>  g G nf 2 day"  1 . CaCO,  production 
is  14  mmoles  m"2  day"  1 , or  1.4  g CaCO,,  m"2  day" 1 . Most  of  the  CaCO., 
produced  in  the  lagoon  remains  there,  but  a substantial  portion  of  the  organic 
carbon  produced  is  lost  from  the  lagoon. 

Water  motion  Is  the  parameter  exerting  major  influence  on  the  metabolism 
of  the  lagoon  biotic  community.  Artificial  alteration  of  water  movement  patterns 
has  changed  part  of  that  community.  Neither  nitrogen  nor  phosphorus  is  likely 
to  limit  metabolism  of  the  biota.  CaCO,,  production  in  the  lagoon  has  probably 
been  sufficient  to  fill  the  lagoon  with  about  20  m of  sediment  over  the  past 
8,000  years,  it  is  likely  that  the  present  episode  of  lagoon  reef  growth  has  been 
continuing  for  that  timespan  and  that  the  CaCO.,  production  rate  has  decreased 
substantially  over  that  period. 
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Coral  atolls  have  long  been  recognized  for  their  variety,  complexity,  and 
fertility  in  the  midst  of  an  oceanic  "desert.”  Most  studies  of  reef  systems  have 
primarily  considered  their  composition,  with  little  regard  for  the  dynamic 
balance  of  material  production,  utilization,  and  removal.  Yet  the  ability  of  coral 
reefs  to  grow  and  maintain  themselves  near  sea  level  over  millenia  is  surely  their 
most  conspicuous  attribute.  This  growth  results  from  both  CaCOj  production 
and  associated  organic  carbon  metabolism  by  countless  organisms  inhabiting  the 
coral  reefs. 

Calcium  carbonate  production  by  coral  reefs  has  been  estimated  by  several 
investigators  over  the  past  century  (for  a recent  review,  see  Chave  cl  at .,  1972). 
The  estimates  have  been  made  for  individual  organisms,  for  portions  of  reefs,  and 
for  entire  reef  systems.  Some  recent  studies  have  departed  from  the  traditional 
approach  of  estimating  CaCOj  production  from  standing  crop  and  turnover  rate, 
and  have  turned  to  alkalinity  depletion  in  the  water  column  as  a measure  of 
community  CaCOj  production  (for  u review,  see  Smith,  1974). 

Information  about  the  organic  carbon  productivity  of  coral  reefs  is  a more 
recent  development.  For  the  most  part,  present  data  are  restricted  to  reef  flats. 
The  study  by  Odum  and  Odum  ( 1955)  at  Enewetak  Atoll*  remains  the  most 
comprehensive  description  of  reef-flat  productivity.  Estimates  of  organic  carbon 
productivity  in  reef  communities  have  relied  primarily  on  oxygen  changes  as  a 
measure  of  productivity.  Kinsey  and  Domm  (1974),  Marsh  (1974),  and  Smith 
(1974)  have  all  reviewed  the  literature  dealing  with  oxygen-derived  estimates 
of  organic  carbon  metabolism  on  corul  reefs.  In  addition.  Smith  discussed  the 
use  of  carbon  dioxide  to  measure  organic  carbon  metabolism  in  reef  systems. 

Other  metabolites  can  also  provide  information  on  the  organic  carbon 
metubolism  of  aquatic  communities.  Studies  of  oxygen,  carbon  dioxide, 
phosphorus,  and  nitrogen  flux  across  the  windward  reef  flats  of  Enewetak  Atoll 
demonstrate  that  there  is  no  simple  relationship  between  oxygen  or  carbon 
dioxide  flux  of  coral  reef  communities  and  the  instantaneous  flux  of  other 
metabolites  through  these  systems.  Pilson  and  Betzer  (197.))  found  no  relation- 
ship between  instantaneous  oxygen  metabolic  rates  and  the  uptuke  or  release 
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•This  spelling  of  the  atoll  also  known  as  “linlwetok*'  has  been  officially  sanctioned  by  the 
US  Board  of  Geographic  Names. 
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of  phosphate.  In  fuct,  those  authors  could  detect  little  or  no  instantaneous 
phosphate  uptake  or  release  in  the  Enewetak  communities  studied.  Webb  and 
his  associates  (1975)  found  nitrogen  flux  of  the  Enewetak  reef-flat  community 
to  be  even  more  complicated.  The  reef  flat  community  exported  all  forms  of 
dissolved  nitrogen  and  apparently  balanced  this  export  with  massive  fixation  of 
atmospheric  nitrogen. 

The  above  studies  were  undertaken  in  reef-flat  environments  where  the 
residence  time  of  water  is  only  a few  minutes.  Such  short-term  incubations  may 
not  provide  the  most  suitable  conditions  for  quantifying  and  comparing  the  net 
biogeochemical  tluxes  of  various  materials.  Advective  flux  may  be  so  great  that 
it  masks  biogeochemical  changes.  Moreover,  short-term  departures  of  biogeo- 
chemical fluxes  from  a mass  balance  among  the  materials  in  the  system  may 
obscure  relationships  among  components  even  though  such  imbalances  cannot 
be  maintained  indefinitely.  The  long-term  net  import,  export,  and  storage  of 
organic  carbon  must  be  proportional  to  the  net  flux  and  storage  of  nutrie*.,s. 

In  contrast  with  rapidly  flushed  reef  flats,  atoll  lugoons  retuin  water  for 
relatively  long  timespans  (von  Arx,  1954).  Thus  lugoons  can  provide  long-term, 
integrated  records  of  community  biogeochemical  activity  (Smith  and  Pesret. 

1 97-* ).  It  is  the  purpose  of  the  present  study  to  consider  an  atoll  lagoon  in  order 
to  ascertain  the  net  biogeochemical  activity  of  a major,  but  lurgely  unstudied, 
portion  of  coral  reefs,  and  to  compare  the  net  rates  of  uptake  or  releuse  for 
various  biologically  active  materials  within  that  lagoon.  Circulation  of  water 
in  an  entire  lagoon  is  more  complex  than  water  flow  across  a feef  flat,  so 
considerable  attention  is  given  in  this  paper  to  the  manner  in  which  the  lagoon 
system  has  been  analyzed.  Budgets  of  material  flux  through  the  lugoon  provide 
quantitative  bases  for  comparing  the  various  materials  examined.  The  spatial 
distribution  of  biogeochemical  fluxes  can  be  compared  with  oceanographic, 
biotic,  and  physiographic  patterns  in  the  lagoon. 


DESIGN  OF  SYSTEM  ANALYSIS 


Experience  at  Fanning  Atoll,  an  atoll  physiogruphicully  similur  to  Canton, 
but  with  certain  pronounced  differences,  has  been  useful  in  designing  the 
Canton  study  and  in  interpreting  the  results  (see  Smith  and  Pesret.  1974).  The 
lagoons  of  both  atolls  are  nearly  landlocked,  Fanning  lagoon  exchanges  water 
with  the  open  ocean  through  one  large  pass  and  two  smaller  ones,  while  Canton 
lugoon  water  exchanges  at  a single  large  pass  with  channels  to  either  side  of  a 
small,  artificial  islet.  As  a result,  the  lagoon  circulation  at  Canton  is  simpler  than 
that  at  Funnintt.  Fanning  has  tidal  flows  at  each  of  three  passes,  with  net 
udvcction  from  east  to  west  across  the  lagoon  (Gallagher  vt  al.<  1971 ).  Tidal 
inflow  and  outflow  at  the  single  pass  of  Canton  necessarily  balance  one  another, 
except  fora  slight  net  inflow  to  offset  evaporative  loss. 


Smith  und  Pesret  (1974)  calculated  suit  and  water  budgets  for  the  Funning 
lagoon  to  ascertain  the  relationship  between  the  residence  time  (T)  of  water  in 
the  lagoon  und  salinity: 


_ , , i -sf 
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where  /.  is  the  mean  lagoon  water  depth:/1  is  the  mean  daily  rainfall  rute  during 
and  immediately  preceding  the  salinity  measurements:  and  Sn  and  Si  are  the  mean 
ocean  and  lagoon  salinities,  respectively.  Smith  and  Pesret  concluded  that  during 
the  survey  of  Fanning  lagoon  the  lagoon-wide  effects  of  evaporation  und  ground- 
water seepage  were  smull  und  approximately  compensating  processes  in  the  water 
budget.  These  processes  could  be  ignored  in  interpreting  the  lagoon-wide  water 
budgets  ut  Funning,  although  there  was  a distinct  groundwater  effect  around  the 
lagoon  margin. 

Canton  is  ordinarily  a dry  island  (Taylor.  1973).  Consequently,  details  of 
the  Canton  water-budget  model  differ  from  those  of  Fanning.  The  evaporation  rale 
(e)  can  no  longer  be  ignored,  but  groundwater  apparently  can  be.  There  is 
substantial  groundwater  at  Canton  (Guinther,  this  report),  but  there  is  no 
evidence  of  significant  seepage  from  the  groundwater  into  the  lagoon  (samples 
gathered  by  E.  C.  Evans  III  and  E.  B.  Guinther).  In  fact,  evaporation  is  a 
dominant  term  in  the  water  budget  at  Canton,  as  evidenced  by  the  elevated 
lagoon  salinity  first  reported  by  van  Zwaluwenburg  (1941).  The  appropriate 
equation  to  describe  lagoon-water  residence  time  in  this  high -evaporation  regime 
becomes: 


T (days) 


(2) 


Note  that  this  general  approach  to  calculating  residence  time  is  appropriate 
only  if  there  is  a salinity  differential  between  t he  ocean  and  the  lagoon.  Without 
such  a differential,  the  equation  becomes  indeterminant,  because  the  denomi- 
nator and  numerator  of  the  equations  are  then  zero. 

In  the  absence  of  a groundwater-induced  low  salinity  rim  around  the  lagoon 
margin.  F.q.  2 also  describes  the  relationship  between  local  variations  in  salinity 
and  the  age  of  water  ut  that  locality  (if  one  assumes  constant  water  depth, 
rainfall,  and  evaporation  throughout  the  lagoon).  In  that  treatment  of  bq.  2.  .V/ 
is  the  salinity  ut  th.it  locality,  und  T is  a local  estimate  of  residence  time. 

This  salinity-residence  time  equation  may  be  extended  to  calculate  hio- 
geochemieal  flux  of  materials  within  the  lagoon.  That  is,  for  am  constituent  of 


I 


seawater,  there  is  a concentration  change  which  may  be  called  conservative  and 
directly  attributed  to  net  evaporation  or  dilution  (that  is  a “conservative 
change’’);  and  there  may  be  a residual  (“nonconservative”)  change  which  results 
from  biogeochemical  uptake  or  releaae  within  the  lagoon.  For  any  material  Y, 
the  biogeochemical  change  with  respect  to  salinity  (A  Y/&S)  may  be  stated; 

(mole  nf  * o/00-')«  Y^/(Si-S0)  (3) 


The  subscripts  o and  l denote  ocean  and  lagoon  values,  respectively.  Both 
Y0  and  Y/  are  calculated  according  to  regression  equations  relating  Y to  S.  A 
positive  value  for  a y/A  s denotes  net  uptake  from  the  water;  negative  is  release. 
It  follows  from  Eq.  2 and  3 that  the  change  in  Y with  respect  to  the  residence 
time  of  the  water  may  also  be  calculated: 

A^dnolem-d.jr')-^^  [(&)*->'']  <4> 


Multiplying  Eq.  4 by  the  mean  water  depth  expresses  the  rate  of  change  in  Y per 
unit  map  area: 

(mole  nr>d.r'>.  (5) 


Equation  S and  the  appropriate  regression  equation  for  Y will  be  used  to 
calculate  the  rate  of  change  for  each  of  several  materials  in  the  lagoon  In 
response  to  biogeochemical  processes  for  the  Canton  lagoon. 

This  record  of &YJ T provides  an  estimate  of  the  net  rate  of  blogeochem- 
ical  change  in  Y as  integrated  from  the  pass  to  the  5/  value  in  question. 
Equation  S could  be  differentiated  to  yield  an  estimate  of  the  biogeochem- 
ical rate &Y/T  at  any  location  (or  salinity).  Because  the  simple  polynomial 
equations  impose  obviously  simplified  patterns  of  change  on  the  data  (for 
example,  a constant  rate  of  change  in  uptake  or  release  if  the  regression 
equation  used  is  quadratic),  that  detailed  information  has  not  been  extracted. 
The  solution  of  Eq.  5 along  with  each  appropriate  regression  equation  for  the 
y0's  at  progressively  higher  salinities  provides  an  estimate  of  the  cumulative 
history  of  water  incubation  between  the  pass  and  each  salinity  (or  location)  in 
question. 
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ANALYTICAL  METHODS 


Water  sampling  locations  during  November-December  1973  are  shown  in 
Pig,  7,  and  the  parameters  measured  are  listed  in  Table  I . In  addition  to  the 
1973  measurements,  data  are  available  from  a preliminary  survey  conducted 
by  Jokiel  during  June  1972.  The  1972  data  will  be  presented  only  in  compar- 
ison with  the  more  extensive  1973  data.  Not  ail  of  the  parameters  are 
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Figure  7.  Water  templing  locitiuni,  Canton  lagoon, 


Table  I.  Water  and  aedimcm  parameteri  manured  In  die 
Canton  lagoon  during  the  1972  and  1973  urveyi. 


Parameter 

1972 

1973 

Temperature 

X 

X 

Salinity 

X 

Nutrlanti 

X 

PH 

X 

Alkalinity 

X 

Oj 

X 

X 

Conductivity 

X 

X 

Subtended  CaCO, 

X 

Suapended  phytopigmenti 

X 

Saeehidiac 

X 

X 

% light  tranamiikon 

X 

Sediment  organic  carbon 

X 

Sediment  mineralogy 

X 

Sediment  grain  die 

X 

Cl 


* 

\ 


\ 

i 

K 

l considered  in  detail.  For  example,  03  measurements  mude  with  field  poluro- 

graphic  cells  yielded  values  consistently  in  near  equilibrium  with  the  utmos- 
l phere.  These  data  warrant  no  further  discussion.  The  lagoon  wus  neurly  iso- 

t thermal,  except  for  the  marked  phenomenon  of  murginal  heating  in  the  shallow 

waters  around  the  lagoon  rim,  It  is  of  interest  to  note  that  in  I972  the  lagoon 
[ temperature  was  uniformly  uhout  29°C\  and  during  the  ll>73  survey  the  temper- 

ature was  27°C.  Both  values  are  within  the  range  reported  for  monthly  water 
j temperatures  at  Canton  (LI.  S,  Coast  and  Geodetic  Survey  Publication  31-3, 

' revised).  Field  values  of  water  conductivity  ure  of  little  value  to  this  study 

l except  to  confirm  the  luck  of  vertical  sulinity  stratification  In  the  lagoon. 

i 

E Water  samples  were  collected  front  a small  skiff  or  by  wading  from  shore, 

| Midwater  samples  were  pumped  to  the  surface  wit  It  a small  bilge  pump  and 

f.  garden  hose.  Midwater  sampling  was  abandoned  after  the  first  two  days  because 

I no  parameter  showed  significant  vertical  variation. 


Surface  samples  were  collected  directly  either  into  250-ml  polyethylene 
bottles  for  salinity,  pll.  and  alkalinity  measurements  or  into  a glass  flask  for 
on-site  filtration  of  the  water  through  glass  fiber  filters.  The  filters  wore  then 
put  into  opaque  vials  containing  acetone  and  retained  for  phytopigment 
analyses;  filtered  water  was  poured  into  250-ml  bottles  for  nutrient  analyses, 
Samples  for  salinity,  pH.  and  alkalinity  were  maintained  near  collection  tompoi- 
aturo  until  they  could  be  returned  to  the  laboratory  and  analyzed,  The  average 
time  between  sample  collection  and  analysis  was  about  o hours.  Nutrient 
samples  and  the  vials  containing  filters  lor  phytopigmen!  analyses  were  packed 
in  ice  until  they  could  he  frozen  within  about  4 hours  ol  collection,  These 
frozen  samples  were  returned  to  Hawaii  for  analysis, 


At  13  stations,  simultaneous  measurements  were  made  of  Sccchi  disc 
readings  and  percent  light  transmission,  and  samples  were  taken  for  phytopig- 
ments and  suspended  CaCO,.  Sccchi  disc  readings  followed  conventional  field 
measurement  procedures.  Percent  light  transmission  was  measured  with  a 
Hydro-Products  model  ol2  transmissometer  equipped  with  a l-m  measure- 
ment cell.  Samples  for  phytopigment  analyses  were  collected  as  described 
above;  samples  for  CuCO.»  analyses  were  filtered  onto  O.ty  pore-size  Millipore 
filters,  rinsed  with  deionized  water,  and  ihen  air-dried. 


The  laboratory  used  for  salinity  analyses  was  an  air-conditioned  room  | 

maintained  near  25°C.  A Plesscy  model  <>23()N  laboratory  conductivity 
sullnometer  wus  used  for  the  analyses:  it  wus  standardized  against  a Copen- 
hagen Water  primary  standard  and  working  substandard*.  The  laboratory  used 
for  pH  and  alkalinity  measurements  was  not  air-conditioned  but  was  used 

because  of  its  uniple  sink  and  working  space.  The  room  remained  near  30°C  1 
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ilurinn  most  of  the  measurement  periods.  A Corning  model  101  pH  meter  and 
a eonihinntion  electrode  were  used  for  all  pll  mid  alkalinity  measurements.  The 
analytical  procedure  closely  followed  that  niven  hy  Smith  and  Pesret  ( I ‘>74). 

A computer  program  for  calculating  C02  parameters  from  pll.  alkalinity, 
salinity,  and  temperature  has  been  developed  by  Smith  and  is  on  file  with  the 
Hawaii  Coastal  /one  Data  Bank  (University  of  Huwaii). 

Nutrient  samples  were  returned  to  Hawaii  and  analyzed  with  a Technieon 
autoanalyz.er.  Soluble  reactive  PO.,.  NO,,  and  Si  were  measured  according  to 
slight  modifications  of  the  automated  nutrient  analysis  techniques  described 
by  Strickland  and  Parsons  ( l‘>(>K),  and  Nil.,  analyses  were  modified  from  the 
technique  described  by  Head  (l‘>7l  ).  A Beckman  model  DBG  spectrophoto- 
meter was  used  for  phytopigment  analyses,  after  the  technique  described  by 
Strickland  and  Parsons  < l‘>bXi,  Suspended  CaCO,  analyses  were  performed  by 
dissolving  the  ('aCO.,  on  the  filters  in  3N  MCI  and  then  measuring  Ca  and  Mg 
with  a Perkin  flmer  atomic  absorption  spectrophotometer, 

Sediment  organic  carbon  percentages  were  determined  by  weighing  a sedi- 
ment aliquot  and  then  using  an  P M model  1X5  CUN  analyzer  to  measure  the 
amount  ol'CO,  released  at  an  oxidation  temperature  of  7()()UC.  according  to  a 
slight  modification  of  the  technique  described  by  Telek  and  Marshall  ( I *>74). 


RESULTS 


Salt  and  Water  Budgets 

l q nation  2 is  used  to  construct  the  salt  and  water  budgets  of  the  lagoon, 

The  mean  lagoon  depth  was  determined  by  gridding  the  Hydrographic 
Office  Chart  of  the  Canton  Island  Ligoon  (No.  N3I05)  into  approximately 
2,200  squares  and  estimating  the  mean  depth  at  each  grid  intersection.  The  mean 
lagoon  depth  was  found  to  be  n.2  m. 

Rainfall  records  have  been  maintained  at  one  or  both  of  two  weather 
stations  at  Canton  Atoll  sino-  I ‘>40.  except  for  three  interruptions  ( l‘>4l-l  ‘>42. 

I ‘>45 . I‘>(t7-|‘)7|  ).  Taylor  ( I ‘>73 1 reports  the  available  data  from  these  two 
stations  through  l‘>72  (except  tortile  period  from  December  l‘>7!  through  May 
I ‘>72:  records  from  that  period,  plus  the  period  from  January  I ‘>73  through 
October  I ‘>74.  were  obtained  from  U.  S.  Air  force  records).  Table  2 summarizes 
relevant  aspects  of  the  rainfall  data. 


Of  particular  interest  to  the  present  investigation  is  the  period  from  April 
1973  through  March  1974.  The  rainfall  averaged  about  0.6  mm/day  during  that 
period,  with  only  the  month  of  August  differing  significantly  from  that  average. 
This  average  is  less  than  one-third  the  long-term  mean  daily  rainfall.  By  contrast, 
the  average  rainfall  from  April  1972  through  March  1973  was  about  8 mm/day, 
or  four  times  the  long-term  mean  Thus  over  the  course  *f  2 years,  Canton 
experienced  the  wettest  and  one  of  the  driest  periods  in  its  recorded  history. 

Evaporation-rate  data  comparable  to  these  extensive  rainfall  records  are 
not  available,  but  it  is  possible  to  estimate  evaporation  during  and  immediately 
preceding  this  survey. 

Evaporation  was  measured  in  plastic  containers  filled  with  seawater,  then 
shaded  from  the  sun  but  exposed  to  the  wind.  Measurements  were  made  both 
in  1 2-cm-deep  pans  monitored  hourly  for  periods  of  up  to  9 hours  and  in  a 
50-cm-deep  container  monitored  twice  daily  for  9 days.  The  parameters 
measured  were  initial  water  depth  in  the  container  and  salinity  at  each  time 
increment.  Evaporation  can  be  determined  more  precisely  from  a change  in 
salinity  than  from  direct  depth  measurements.  Evaporation-pan  procedures  are 
generally  open  to  question,  largely  because  of  differences  between  water  tempera- 
tures in  the  evaporation  pan  and  the  temperature  of  the  water  body  of  interest 


Table  2.  Canton  Atoll  rainfall. 


1937-1974 

Month  maan  1971  1972  1973  1 974 


mm 

mm/day 

mm 

mm/day 

mm 

mm/day 

mm 

mm/day 

mm 

mm/day 

January 

88.9 

(2.9) 

17.8 

( 0,6) 

526.3 

(17.0) 

OO 

(0.0) 

February 

43.8 

(1.6) 

- 

- 

I3.S 

( 0,3) 

286.8 

(10.3) 

2.3 

(Ot) 

March 

38.3 

(1.9) 

- 

- 

16.3 

( 0.3) 

235.2 

< 7.6) 

16.8 

(0.3) 

April 

90.1 

(3.0) 

- 

- 

154.2 

( 5.1) 

34,0 

( 11) 

69.3 

(2.3) 

May 

76  1 

(2.3) 

... 

84.8 

( 2.7) 

33,5 

( ID 

53.6 

(1.7) 

June 

60.4 

(2.0) 

- 

- 

21.9 

( 0.7) 

8.6 

< 0.3) 

38.7 

(1.9) 

July 

61.2 

(2,0) 

- 

- 

199.6 

( 6,4) 

32.9 

( 0.7) 

100.8 

(3.3) 

Au|Uit 

36.7 

(1.8) 

- 

- 

7S.2 

( 2.5) 

82.8 

( 2.7) 

27.9 

(0.9) 

September 

33.0 

<1-1* 

- 

- 

134.4 

( 4.5) 

20,1 

< 0.7) 

19.8 

(0.7) 

October 

33.2 

(1.1) 

- 

- 

428.3 

(13.8) 

5.1 

( 0,2) 

5.3 

(0.2) 

November 

31.7 

(1.7) 

- 

- 

312.9 

(IP.d) 

0,3 

< 0.0) 

- 

- 

December 

69.3 

(22) 

1.3 

(0.1) 

427.2 

(13.8) 

5.1 

( 0,2) 

Total 

726.9 

(2,0) 

- 

1B89.3 

( 3.2) 

1260.6 

( 3.3) 

- 

- 

NOTE: 

wettaat  12-month  period: 
one  ofdrlait  12-month  pertodi: 
drleat  12-month  period: 


April  1972>March  1973 
April  1973-March  1974 
January  1934-December  1934 


mm  mm/day 
2S90.0  (7,9) 

231.3  (0.6) 

196.1  (0.3) 


(in  this  case,  the  lagoon).  However,  the  difference  between  the  pan  and  lagoon  1 

water  temperatures  never  exceeded  1°C,  except  for  elevated  temperatures  found  | 

locally  on  the  shallow  intertidal  flats  fringing  the  lagoon.  Three  experiments  in  ; 

the  shallow  pans  and  one  in  the  deep  container  all  yielded  evaporation  rates 
between  8 and  9 mm/day. 

i 

Jacobs  (1942)  gives  a formula  for  calculating  evaporation  ra*e  ( e ) from  wind  ; 

velocity  (w)  at  some  height,  water  vapor  pressure  at  that  height  (ph),  and  the 
vapor  pressure  at  the  sea  surface  (p0):  \ 

e (mm/day)  ■ 0. 14  (p0  - ph ) w (6) 

The  mean  wind  velocity  during  the  survey,  as  averaged  from  U.  S.  Air  Force  j 

records,  was  6 m/s;  mean  air  temperature  and  water  temperature  were  both  27°C;  \ 

mean  relative  humidity,  as  calculated  from  temperature  and  dew  point,  was  72%.  j 

From  Sverdrup  et  al.  (1942),  the  vapor  pressure  at  that  temperature  and  humidity  | 

can  be  calculated  to  be  25  mbar.  At  100%  humidity  (the  assumed  sea-surface  \ 

value)  the  vapor  pressure  is  about  35  mbar.  The  calculated  evaporation  rate  is  | 

8 mm/day,  the  same  as  the  measured  values.  This  lagoon  evaporation  rate  is  about  \ 

twice  the  long-term  mean  value  reported  by  Wyrtki  ( 1 966)  for  the  open  ocean  in  j 

the  vicinity  of  Canton.  , 


Figure  8 is  a map  of  salinity  distribution  in  the  lagoon  in  December  1973. 
There  was  no  vertical  stratification,  so  available  surface  and  midwater  data  have 


i 

i 

.« 
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been  combined  into  this  single  map.  Figure  9 shows  salinity  as  a function  of  distunee 
from  the  lagoon  puss.  At  the  time  of  the  survey,  salinity  increased  with  distance 
from  the  pass  from  an  oceanic  value  of  35,7  °/oo  to  a buck-lagoon  value  of  about 
39.5  °/oo.  The  trend  is  well  approximated  (coefficient  of  determination  a 96%) 
by  the  following  empirical  quadratic  regression  equution: 

Si  (o/oo)  “ 35.53  + 0.563*  - 0.0202*3  (7) 

Sj  is  the  calculated  salinity  at  any  location  * km  from  the  puss,  Planimetry  of  the 
salinity  map  (Fig.  9)  yields  u meun  lagoon  salinity  of  about  37.7  o/oo. 


Diiunco  From  Pan  (km) 


figure  9.  Salinity  vomit  distance  front 
puss.  Including  quadratic  regression  line. 


The  various  values  established  above  may  be  substituted  into  Hq.  2 in  order 
to  calculate  the  residence  time  of  lagoon  water.  The  estimated  mean  residence 
time  is  about  50  days:  maximum  residence  time  is  about  95  days,  and  there  is 
about  a 25-duy  residence  time  for  each  l °/oo  salinity  increase  over  the  oceanic 
value  of  35.7  o/oo. 

The  above  values  ure  locally  inapplicable  on  the  intertidal  flats  along  the 
lagoon  rim.  There,  the  salinity  may  increase  by  as  much  as  I o/0o  over  a single 
tide  cycle  because  the  water  is  temporarily  held  on  these  Huts  und  heuted  during 
daytime  falling  tides.  On  subsequent  rising  tides,  this  water  Is  Hushed  off  the 
flats  and  mixed  with  the  bulk  of  the  lagoon  water.  The  area  of  these  intertidal 
Hats  is  sufficiently  small  so  that  this  local  effect  has  been  ignored  in  constructing 
lugoon-wide  budgets. 


Salinity  duta  gathered  by  Jokiel  during  a trip  to  Canton  in  June  1972  and 
sumples  shipped  to  Hawaii  by  members  of  the  U,  S,  Air  Force  after  the  1973 
survey  establish  temporal  variations  In  the  putterns  described  above,  The  19 
sumples  gathered  by  Jokiel  have  been  matched  with  samples  collected  from 
approximately  the  same  locutions  during  the  present  survey.  Data  are  reported 
as  “salinity  excess"  above  oceanic  values,  because  Jokiel’s  salinity  probe  was 
not  adequately  calibrated  to  establish  absolute  salinities.  Figure  10  shows  that 
the  1972  salinity  excesses  were  generally  somewhut  lower  than  the  1973  values 
(which  are  also  expressed  here  us  salinity  excesses).  This  puttern  is  to  be 
expected,  because  rainfall  during  early  1972  wus  somewhut  higher  than  rainfall 
during  lute  1973  (Table  2).  Samples  collected  from  the  northern  corner  of  the 
lagoon  und  shipped  to  Huwuii  from  November  1973  until  October  1974  also 
showed  a consistent  pattern  (Table  3).  Salinity  remained  relatively  constant 


June  1672  Salinity  Excess  (Woo) 


I'lgurc  10,  J une  1972  versus  December  1973 
“sullnlty  excess”  above  occunlc  values. 


Table  3.  Sullnlty  und  tulnful),  northern  portion  of 
the  Cunton  lugoon. 


Month 

Sullnlty 

(Woo) 

Monthly  ruin 
(min) 

November  1973 

37,8 

0 

December 

37.8 

5 

Jununry  1974 

37.9 

0 

l;obruary 

37.5 

2 

March 

38, 1 

17 

April 

37.7 

69 

Muy 

37.0 

54 

June 

36,4 

59 

July 

36.5 

101 

August 

36.5 

28 

Sepicmbcr 

37.0 

20 

October 

37.5 

5 

29 
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{ from  November  until  April  1974  and  then  decreased  by  about  1 °/oo.  Rainfall 

( from  April  through  July  was  maikedly  higher  than  rainfall  over  the  previous 

months,  so  the  salinity  decrease  is  to  be  expected.  From  August  through 
October,  rainfall  dropped  and  salinity  rose. 

i 

1 This  salinity  differential  between  the  ocean  and  lagoon  is  obviously 

maintained  by  a combination  of  evaporative  water  loss,  replacement  by  a net 
inflow  of  ocean  water,  and  dispersion  of  this  ocean  water  through  the  lagoon. 
The  volume  of  water  entering  the  lagoon  on  each  rising  tide  averages  about  1 1% 
of  the  total  lagoon  volume  (0.7  m average  tidal  range  divided  by  6.2  m average 
lagoon  depth),  so  apparently  only  a small  fraction  of  each  tidal  prism  actually 
remains  in  the  lagoon.  Because  the  exchange  of  water  between  the  ocean  and 
lagoon  is  restricted  to  a single  pass,  a one-dimensional  eddy  diffusion  model  may 
be  assumed  to  describe,  salt  dispersion  through  the  lagoon  (A.  Okubo,  personal 
communication): 
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I 

i 
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(tf)x  <°/°°  day" 1 > ■ + aS/ 


(8) 


The  local  change  in  salinity  with  respect  to  time,  ($f)  , equals  the  eddy 
diffusion  coefficient  ( D ) times  the  second  derivative  of  salirfity  with  respect  to 
distance  from  the  pass  (JQ  plus  the  net  evaporation  rale  coefficient  (a)  times 
the  local  salinity  (Si),  It  can  be  assumed  (and  this  assumption  is  generally 
supported  by  the  data  in  Tables  2 and  3)  that  there  was  a steady-state  distribu- 
tion of  salinity  before  and  at  tjie  time  of  the  1973  survey  (that  is,  )x  ■ 0) , 
Equation  8 can  therefore  be  rearranged  and  solved  for  D at  the  mean 
lagoon  salinity  (Si  ■ 37.7  °/oo).  The  evaporation  rate  constant  equals  the  daily 
net  evaporation  rate  (0.007  m/day)  divided  by  the  mean  lagoon  depth  (6,2  m), 
or  0.001 13  da/ 1 . The  second  derivative  of  salinity  with  respect  to  distance  from 
the  pass  can  be  calculated  from  Eq.  7: 


■ 0.0404  o/oo  km-1 


Substituting  these  values  into  Eq.  8 yields  Dm  1.0S4  km 2 /day,  or  1.2  x 10s  cma/s. 
This  value  corresponds  closely  to  the  value  of  1.0  x 10s  cmJ/s  calculated  from 
Okubo’s  (1971)  equation  relating  0 to  eddy  size  (using  12  km,  the  distance  from 
the  pass  to  the  back  lagoon  at  Canton,  as  the  appropriate  eddy  size).  It  there- 
fore seems  probable  that  the  net  dispersion  of  materials  through  the  lagoon  at 
Canton  can  be  accounted  for  in  terms  of  eddy  diffusion. 
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Figure  1 1 is  a map  of  phosphate  distribution  throughout  the  lagoon,  and 
Fig.  12  is  a plot  of  that  nutrient  against  salinity.  The  PO4  values  decreased  from 
a mean  of  about  0.6  mmole/m3  near  the  pass  to  about  0.1  mmole/m3  in  the 
back  lagoon.*  This  decrease  is  empirically  well-described  (coefficient  of  deter- 
mination ■ 89%)  by  the  following  quadratic  regression  equation: 

PO4  (mmole/m3 ) - 82.567  - 4.289S  + 0.0448S1  (9 


Flgur*  11.  Phoaphate  lioplathi  (mmole/m3) 
In  tha  Canton  lagoon. 


Figure  |2.  Phoiphatc  venui  salinity.  Including 
quadratic  ragreitlon  lint. 


*For  convtnltnct,  all  notation  of  nutrient  concentration!  Ii  given  here  In  term!  of  mmole/m* 
tnitead  of  the  more  conventional-but  equivalent-notation  of  iig-atom/llter. 


Table  4 presents  the  rales  of  hiogenchemieal  phosphorus  flux  as  calcu- 
lated from  l (|.  5 and  '>  The  table  presents  the  data  tor  pnosphorus  change 
during  the  first  0. 1 °/oo  salinity  increase,  as  indicative  of  rates  near  the  puss. 

The  changes  are  then  reported  for  each  unit  salinity  increase  above  oceanic  tup 
to  38.7  o/oo)  and  finally  at  3l).5  u/oo  t nominally  the  maximum  lagoon  salinity). 
There  was  net  phosphorus  uptake  throughout  the  lagoon,  and  the  uptake  rate 
decreased  with  increasing  salinity.  Near  the  puss,  the  uptake  rate  was  0.074 
mmole  nf 2 day" 1 : in  the  hack  lagoon  the  uptake  rate  was  0.027  mmole  m" 2 
day* ' . 


Tabk*  4.  Phosphorus  utlli/.ition  in  the  Canon  lay.. on.  as  laluilalcil  from  I >| . 5 and  •> 


Total  dittolv,',!  phosphorus 

Phosphorus  iitlllAOl.in, 

Retiidcik'v 

/’ 

Salinity 

1 ink'.  1 

\x,r 

1 l‘l 

1 

("/no) 

ul.ij  s) 

(mmok'/m-M 

limnolc  m -’d.iy  1 > 

35.7 

0 

(1.57 

0.57 

35.  H 

i 5 

0.57 

0.54 

0.074 

36.7 

25 

0.58 

0.32 

0.065 

37.7 

50 

0.(01 

II.IK 

0.052 

38  7 

75 

0.(1 1 

(1.15 

(1.038 

J9.5 

<)5 

0.63 

0 21 

11,027 

It  ean  be  assumed  that  all  of  this  phosphorus  uptake  went  into  the 
production  of  organic  materials.  The  only  other  likely  phosphorus  sink  would 
he  inorganic  phosphate  minerals,  but  there  is  no  evidence  that  they  are  a 
significant  component  of  reel'  sediments.  Phosphorus  taken  into  the  sediments 
in  organic  carbon  compounds  is  obviously  subject  to  tecs  cling  back  into  the 
water  as  these  compounds  are  oxidi/ed.  Such  recycling  is  not  of  direct  concern 
here,  because  the  budget  represents  net  utilization.  One  further  complication 
in  the  phosphorus  budget  is  the  possibility  of  a significant  phosphorus  source 
other  than  dissolved  reactive  PO4  input  at  the  lagoon  pass,  f or  example.  PO4 
derived  from  phosphatie  rocks  might  seep  into  the  lagoon:  the  IX )4  veisus  salinity 
diagram  (big,  I 2)  does  not  suggest  such  additional  complexity . 

Two  forms  of  dissolved  nitrogen  were  measured  in  the  lagoon  waters. 

NO.,  and  Nil,.  Nitrite  was  not  measured,  because  the  level  of  NO,,  in  surface 
seawater  is  ordinarily  very  low.  Maps  of  these  parameters  are  presented  as 
big.  1 3 and  14.  and  plots  of  these  materials  versi  s salinity  are  presented  as 
big.  15  and  In.  The  NO,,  distribution  (big.  13  atid  15 1 was  similar  to  the  P04 
pattern;  values  decreased  from  levels  of  about  2.5  mmoles  NO., /m  ' near  the 
pass  to  near  0 in  the  back  lagoon.  The  Nil.,  pattern  was  more  complex.  Values 
were  about  1.5  mmoles  Nll  ,/nv'  near  the  pass,  followed  by  an  abrupt  decrease 
to  about  0.4  minole/nr'  throughout  much  of  the  lagoon.  However,  the  e were 
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high  values  (near  1 mmole/m1 ) along  the  northeastern  margin  of  the  lagoon. 
These  high  NH}  values  can  be  seen  at  intermediate  salinities  on  Fig.  16.  Figure 
17  is  a plot  of  total  inorganic  nitrogen  versus  salinity;  the  regression  equation 
for  this  relationship  is  used  to  establish  the  dissolved  inorganic  nitrogen  budget 
for  the  lagoon.  Again,  a quadratic  equation  describes  the  data  well  (coefficient 
of  determination  * 84%): 


i 

i 

I 


N (mmole/m3)  = 535.14 - 27.6 1 25 + 0.35645*  (10)  1 

! 


The  biogeochemical  flux  of  N as  calculated  from  Eq.  5 and  10  is  sum* 
marized  in  Table  5.  Nitrogen  uptake  also  decreased  with  increasing  distance 
from  the  pass.  Near  the  pass,  the  uptake  rate  was  0.55  mmole  m~3  day-1 ; the 
rate  decreased  to  0.23  mmole  m‘J  day*'  in  the  buck  lagoon. 


I'lliuru  17.  Total  inorganic  nitrogen  vertui  salinity, 
including  quadratic  regteiiion  line, 


Salinity  (°/ool 


Table  5,  Total  dissolved  Inorganic  nitrogen  utilization  in  the  (.'union  lagoon, 
us  calculated  I'rum  Eq.  5 and  10. 


Salinity 

<%o) 

Residence 
Time,  T 
(days) 

Total  dissolved  nitrogen 
N , 

(mmole/m1) 

Nitrogen  utilization 
A N 

T 

(mmole  nv*dayl) 

<l< 

35.7 

0 

3.62 

3.62 

- 

35.8 

2.5 

3.63 

3.41 

0.55 

7,4 

36.7 

25 

3.72 

1.81 

0,47 

7.2 

37.7 

so 

3.82 

0.72 

0,38 

7.3 

38.7 

75 

3.92 

0.33 

0.30 

7.9 

39.5 

95 

4.01 

0.54 

0.23 

8.5 
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Unlike  the  phosphorus  budget,  the  nitrogen  budget  must  be  regarded  as 
incomplete.  There  may  be  at  least  two  additional  sources  of  nitrogen  in  the  lagoon 
An  input  of  NH3  other  than  that  at  the  lagoon  pass  is  suggested  by  Pig.  14.  The 
high  NHj  values  at  intermediate  salinities  along  the  northeastern  margin  of 
the  lagoon  probably  represent  either  such  additional  input  or  NHj  regeneration 
ulong  that  portion  of  the  lagoon,  Wind  may  blow  Nil;, -laden  air  from  bird 
colonies  along  the  northeastern  portion  of  the  island  across  the  water  where  it 
can  be  rapidly  dissolved.  This  mechanism  may  have  been  enhanced  during  the 
survey  by  heavy  truck  traffic;  the  ammonia  may  adsorb  onto  the  resultant 
dust  which  falls  out  along  the  northeustern  portion  o*‘  the  island.  Some  ground- 
water  input  of  NHj  from  this  same  island  source  is  also  possible,  although  salinity 
values  do  not  indicate  groundwater  influx  into  the  lagoon.  Because  Nil 3 is 
highly  labile,  the  sampling  and  storage  procedures  may  have  also  introduced 
the  high  values  as  a sampling  artifact.  Nevertheless,  the  coherent  distribution 
i attorn  argues  against  the  likelihood  of  such  an  artifact. 

Webb  i't  at.  ( I ‘>75)  have  demonstrated  that  blue-green  algae  on  shallow 
reef  Hats  can  fix  large  amounts  of  atmospheric  nitrogen.  Such  a mechanism 
could  supply  a significant  fraction  of  the  total  nitrogen  utilized  by  the  Canton 
lagoon  community.  Drouei  (in  Dogcnorand  Degener.  Il>5‘>>  lists  several  genera 
of  blue-green  algae  which  are  found  at  Canton  and  which  are  known  to  fix 
nitrogen. 

Because  of  these  possible  additional  nitrogen  sources,  the  nitrogen 
utilization  rate  calculated  here  and  the  ratio  of  N:P  uptake  (Table  5)  are 
probably  lower  limits. 

Figure  IN  is  a plot  of  salinity  versus  silicon  in  the  lagoon.  Unlike  nitrogen 
and  phosphorous,  silicon  shows  no  functional  relationship  with  salinity.  This 
lack  of  correlation  is  actually  encouragement  for  the  general  interpretation  of 
biogeoehemical  flux  as  presented  here.  Canton,  or  indeed  any  coral  atoll,  has  a 


l'ijiur«  IS,  Silica  versus  salinity. 
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biotic  community  overwhelmingly  dominuted  by  culelflcution  ruther  than 
silicification  us  the  mujor  form  of  net  skeletogenesis;  hence,  any  calculation 
suggesting  significant  net  silicon  uptake  in  u reef  environment  would  be  viewed 
with  some  surprise, 


Carbon  Dioxide  Budget 

Of  the  various  budgets  presented  here,  the  carbon  dioxide  budget  is 
perhaps  the  most  complex.  In  addition  to  evaporative  chunge  in  the  C02 
content  of  the  seawater,  there  is  ulso  change  due  to  organic  curhon  production 
or  consumption,  GiCOj  precipitation  or  solution,  and  gas  exchange  across  the 
air-sea  interface. 

Figures  l‘)and  20  arc  maps  of  two  C02  parameters:  total  C’03  and  total 
alkalinity.  Figures  21  and  22  are  plots  of  these  C02  parameters  versus  salinity, 


Total  CO:  decreased  regularly  from  about  2.2  molcs/m  * near  the  pass 
to  about  I ,l>  molos/nr1  in  the  back  lagoon.  The  decrease  witlt  respect  to 
salinity  is  well-approximated  (coefficient  of  determination  = HOC  ) by  a linear 
regression  equation: 

COj  (mole/m 1 1 = 4, 1 5o  - O.OSoH.V  ( 1 1 ) 

a 


llighcr-order  regression  equations  do  not  improve  I his  111  significantly. 


Total  CO 2 tmoteftn3) 


2.20' 


l-l|iurc  21.  Tniul  <'(>2  versus  Hiillnlty.  Including  l-'iguio  22.  Tolul  ulkullnlty  versus  wllnily, 

Iliieur  regression  line.  Including  qujdruik  regression  line. 


Total  alkalinity  decreased  from  about  2.55  equiv/m'  near  the  pass  to 
about  2.4  cquiv/nv*  near  the  back  of  the  line  reel'  /one.  The  quadratic  regression 
equation  lor  total  alkalinity  (TA)  versus  salinity  has  a coefficient  of  determi- 
nation of  W? : 

TA  (equiv/m* ) *=  27,157  - 1.27VA*  + 0.0 1 <>5.V*  (12) 

This  descriptive  equation  is  less  satisfactory  than  the  nutrient  equations 
presented  above,  but  higher-order  polynomials  do  not  improve  the  lit  signifi- 
cantly, The  description  is  least  satisfactory  near  the  lagoon  pass,  where  the 
equation  apparently  underestimates  alkalinity  somewhat.  The  alkalinity  decrease 
indicates  that  net  precipitation  of  CaCO.,  was  occurring  in  the  lagoon. 

One  further  COj -related  parameter  considered  here  but  not  mapped  is 
COj  partial  pressure  (Pc0j).  The  Petrol' water  entering  the  lagoon  averaged 
about  530  patm.  and  the  mean  of  the  lagoon  samples  was  about  2h()  palm.  The 
incoming  water  was  very  near  the  predicted  atmospheric  equilibrium  value  for 
Ih73  (about  32b  patm,  according  to  Hkdaltl  and  Keeling,  I ‘>73).  The  mean 
value  for  incoming  water  is  in  substantial  agreement  with  Keeling's  ( l')(»H) 
world  map  of  surface-water  P^Qj  value  in  the  vicinity  of  Canton. 


Table  6 summarizes  the  C03  budget  tor  the  lugoon.  Only  two  of  the 
terms  in  the  budget  can  be  determined  directly;  the  total  C'O,  change  and  that 
change  due  to  C'uC'Oj  reactions.  The  remaining  terms  (orgunie  carbon  flux  and 
gas  exchange)  must  be  determined  by  inference  from  the  nutrient  budgets  und 
appropriate  “bookkeeping." 


Tuble  6.  C'O;  utilization  in  the  Cun  ton  lugoon, 


Total  «>j 

Total  alkalinity 

CO;  llus, 

a cr>a 

T 

Salinity 

(«*/«»> 

Residence  /KA  . v 

timer  yl 

(days)  (niole/m3) 

(fth  r> 

(equlv/m3) 

Total  C'u('0|  Organic  C Gas 

prod  llu\*  exchange** 

(mmole  nt’^duy1) 

35.7 

(1 

2.128 

2.128 

2.526 

2.526 

35.8 

3.5 

2.134 

2.123 

2.533 

2.516 

29 

21 

7 

1 

36.7 

25 

2.188 

2.071 

2.597 

2.441 

29 

19 

7 

3 

37.7 

511 

2.347 

2.(1  IJ 

2.667 

2,390 

29 

17 

5 

7 

38.7 

75 

2.307 

1.958 

2.738 

2.372 

29 

15 

4 

10 

39.5 

95 

2.35  5 

1.912 

2,795 

2.381 

29 

14 

3 

12 

• The  iivl  es a1  its  orjitinic  carbon  production  lerni  is  100  times  the  phosphorus  utilization.  A positive  value 
I'or  llus  Indicates  net  production. 

**A  positive  vulue  for  exchungc  Indicates  net  evasion. 


The  total  C'Oj  change  averaged  2d  mmoles  m~J  day"1  depletion  through- 
out the  lagoon,  as  can  be  calculated  from  bq,  5 und  1 1.  Such  a constant 
depletion  rate  throughout  the  lagoon  is  obviously  un  oversimplified  view  of  a 
more  complex  pattern,  but  the  high  (X0'»  coefficient  of  determination  on 
bq.  I I suggests  that  the  simplification  does  not  introduce  serious  errors,  The 
molar  (03  change  due  to  the  precipitation  or  solution  of  CaCOj  equals  half  the 
equivalents  of  alkalinity  change  (Smith  and  Key.  Id75).  Hence,  the  CO 3 change 
due  to  C’uCOj  precipitation  in  the  lugoon  can  be  calculated  using  this  relation- 
ship along  with  bq.  5 and  12.  The  calculated  C02  utilization  from  calcification 
decreased  from  21  mmoles  m"2  day'1  near  the  puss  to  14  mmoles  nf 2 day'1  in 
the  back  lagoon.  Inspection  of  the  regression  equation  in  Fig.  22  suggests  that 
this  calcification  relationship  is  a satisfactory  description  of  the  high-salinity 
(integrated  record)  samples,  but  that  the  equation  underestimates  calcification 
near  the  pass. 

Organic  carbon  reactions  utilizing  or  liberating  (U3  cannot  be  directly 
calculated  from  the  ( 03  data,  but  they  may  be  inferred  from  the  nutrient 
data.  Red  field  vt  ai  (l‘RO)  give  the  ratio  of  carbon  to  nitrogen  to  phosphorus 
utilization  or  release  by  marine  organisms  to  be  about  iO(>.i(>:l,  if  organic 
carbon  flux  at  ('unton  is  to  be  inferred  from  one  of  the  nutrient  budgets. 


phosphorus  is  the  appropriate  nutrient  to  consider:  the  nitrogen  budget  may 
be  too  incomplete  to  be  used.  Let  us  assume  that  CO)  utilization  in  the  forma* 
tion  of  organic  carbon  compounds  is  100  times  the  phosphorus  utilization 
(that  is,  about  the  Red  field  ratio).  As  summarized  in  Table  6,  organic  carbon 
production  estimates  range  from  7 mmoles  m*2  da/‘  near  the  pass  to  3 mmoles 
m*2  duy"1  in  the  back  lagoon.  These  vulues  represent  community  net  excess 
production,  because  such  integrated  records  do  not  separate  out  either 
duytime  net  production  or  nighttime  respiration. 

Unless  the  lagoon  water  is  greatly  enriched  with  phosphorus,  this 
100-fold  conversion  factor  is  likely  to  be  within  u factor  or  two  of  the  correct 
value.  According  to  Fulis  (1060),  phosphorus  deficiency  is  unlikely  to  occur 
in  any  medium  with  measurable  phosphorus.  If  the  lagoon  community  stores 
excess  phosphorus,  the  calculation  may  overestimate  the  rute  of  organic- 
carbon  production.  The  values,  however,  are  remarkably  low,  ntuking  it  unlikely 
thut  the  calculation  overestimates  net  production. 

The  rute  of  CO)  exchange  across  the  uir-sea  interface  muy  be  calculated 
as  the  difference  between  the  total  CO)  flux  und  the  sum  of  calcification 
plus  organic  carbon  flux.  It  can  he  seen  from  Table  6 that  there  is  apparently 
net  gas  evasion  (escupe)  from  the  water  into  the  utniosphere.  This  evusion 
runges  from  near  0 at  the  pass  to  about  1 2 mmoles  nf 2 duy*1  in  the  buck 
lugoon.  This  net  evusion  provides  a method  for  evaluating  the  magnitude  of 
gross  organic  carbon  production  in  the  lagoon. 

Up  to  this  point,  the  CO)  budget  has  been  treuted  in  terms  of  day-to-day 
net  changes,  without  direct  regard  for  diurnal  C02  variations  from  duytime  net 
production  und  nighttime  net  respiration.  Yet  there  is  undoubtedly  u diurnal 
variation  in  total  C02  und  Pco2  > it'  response  to  the  diurnal  metabolic  cycles 
(Schmulz  und  Swanson,  1^69;  Smith  l973-,Smith  und  Pesret,  1974).  Although 
the  daytime  P(  o3  averages  290  /zutni,  the  gas  exchange  term  of  the  budget 
indicutes  that  the  24-hour  mean  P(  Oj  must  be  something  above  326  putm  in 
order  to  effect  net  evasion,  Smith  and  Pesret  ( 1974)  summarized  available 
duta  and  suggested  that  the  most  uppropriute  C02  gus  exchange  rate  coefficient 
for  seawuter  is  about  0.6  mmole  m*J  day*1  for  each  *iutm  difference  between  the 
air  und  water.  To  account  for  mean  evusion  rate  of  1 2 mmoles  m*2  day*1 . the 
ubove  coefficient  demands  thut  the  24-hour  mean  Pco«  be  approximately 
20  putm  above  the  equilibrium  value,  or  about  345  Maun.  A nighttime  mean 
Pfo«  of  about  400  Matin,  averaged  with  the  daytime  mean  of  290  putni 
yields  the  appropriate  24-hour  average.  It  can  be  calculated  thut  this  duy-to- 
night  P(O)  difference  is  equivalent  to  about  0.08  nn. .ole/m3  total  C02  differ- 
ence, or  about  0.5  mole/m2  through  u 6,2-m  water  column.  This  relatively 
small  diurnal  range  is  comparable  to  the  range  observed  by  Smith  and  Pesret 
( 1 974)  during  a 24-hour  sampling  period  in  the  lagoon  at  Funning. 


This  mean  day-to-nigh*  difference  is  the  difference  between  daytime  net 
organic  carbon  production  and  nighttime  respiration.  If  daytime  respiration 
equals  nighttime  respiration  (the  assumption  which  is  utmost  universally  niude), 
then  the  (X)2  difference  between  day  and  night  equals  gross  organic  carbon 
production:  0. r<  mole  m‘J  day  1 . or  <>  gC’  m J day'1 , Moreover,  the  near-zero 
net  excess  production  rate  (Table  (>)  indicates  that  11k  24-hour  respiration  rate 
is  approximately  the  same  as  (he  gross  production  rat-.  That  is.  the  gross 
prodiution-to-respiration  ratio  of  the  lagoon  community  is  near  1.0. 

An  alternative  interpretation  of  the  apparent  C02  evasion  against  a P<o2 
gradient  is  that  an  error  in  the  organic  carbon  term  of  the  (X)2  budget  may 
have  carried  over  into  the  gas  exchange  term.  That  explanation  is  unlikely. 

If  no  gas  evasion  occurs,  then  net  excess  organic  carbon  production  must  be 
low  by  a factor  of  5 (Table  (>).  In  turn,  that  error  would  imply  a CM’  ratio  of 
over  500: 1 for  the  organic  material  being  produced  in  the  lagoon.  Such  a ratio 
would  indicate  extreme  phosphorus  limitation  to  production  far  beyond  the 
highest  C l’  ratios  obtained  for  algal  cultures  in  phosphorus-deficient  media 
tl'ulis.  !%•>;  Ketehum  and  Rod  field.  I‘>41)>,  Vet  Fuhx  has  said  that  any  culture 
medium  with  measurable  phosphorus  is  unlikely  to  he  limited  by  that  nutrient, 
Moreover,  the  observed  N:P  ratio  (about  X. 5:  Table  5)  does  not  suggest  any 
such  phosphorus  limitation. 


Budget  of  Particulate  Material  Flux 

It  is  also  possible  to  estimate  the  magnitude  of  suspended-load  transfer 
between  the  open  ocean  and  the  lagoon.  Water  in  the  Canton  lagoon  is  very 
turbid.  This  turbidity  was  documental  by  Seech i disc  readings  and  by  measure- 
ments of  percent  light  transmission  through  a l-m  water  column  (Fig.  25). 

It  can  he  seen  that  the  Secchi  disc  reading  decreased  by  about  1.5  m for  each 
It)'''  reduction  in  light  transmission.  The  combined  data  from  l‘)72  and  ll>73 
yi  :ldcd  a mean  Secchi  disc  reading  (Fig,  24)  of  about  5 m,  corresponding  to 
TV;  light  transmission  through  a l-m  water  column.  The  maximum  turbidity 
in  the  lagoon  corresponded  to  IOC'  light  transmission,  and  the  clearest  water 
(near  the  pass)  had  58',/  light  transmission. 

In  order  to  determine  the  major  contributors  to  the  turbidity,  the 
suspended  CaCO,,  content  and  chlorophyll  a content  of  13  water  samples 
were  compared  with  the  light  transmission  data.  Figure  25  shows  an  apparent 
negative  exponential  relationship  between  CuCO,  and  light  transmission  but 
no  relationship  between  chlorophyll  and  transmission.  Thus,  suspended  CuCO,, 
appears  to  be  the  major  contributor  to  the  lagoon  turbidity.  The  mean  CuCO., 
content  of  the  water  was  about  500  mg/nv1 . while  the  mean  chlorophyll  a 
content  of  the  water  (including  a number  of  samples  not  illustrated  here)  was 
0.8  mg/nv' , It  is  assumed  to  a first  approximation  that  both  of  these  para- 
meters are  near  0 in  the  ocean  water. 
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rc  23.  Secflil  din-  rending  versus  percent 
light  transmission  througli  u t-m  water  column, 
(for  samples  Indicated  by  arrows,  the  Sccchl 
disc  was  visible  on  the  seu  floor.) 
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figure  24.  Sccchl  disc  rending  versus  distance  from 
llic  lagoolt  puss, 
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figure  25.  Chlorophyll  a and  suspended 
CuCOj  versus  percent  light  transmission 
through  a I -in  wutcr  column. 
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Previous  calculations  liuve  given  the  mean  residence  time  of  water  in  the 
lagoon  to  he  about  50  days.  If  the  suspended  load  concentration  remains 
constant  and  is  Hushed  proportionally  to  the  water,  then  daily  removal  rates  of 
these  materials  will  he  their  concentration  through  the  6.2-m  water  column 
divided  by  the  residence  time  of  the  water:  CuCO,  s 60  nig  nf 3 day"1 : 
chlorophyll  a = 0. 1 mg  m"J  duy"1 . Data  given  by  Strickland  (1965)  suggest  that 
the  particulate  organic  carbon  content  of  oceun  water  is  up  to  60  times  the 
chlorophyll  a content.  This  conversion  should  underestimate  the  total  particu- 
late organic  carbon  loud,  because  it  does  not  account  for  chlorophyll-free 
detrltul  material.  Comparison  of  the  Panning  lagoon  organic  eurbon  und  chloro- 
phyll a dutu  (Gordon,  1 *>7 1 , und  Krusnick,  1973,  respectively)  suggests  that 
the  appropriate  conversion  factor  for  lagoon  systems  may  be  us  high  us  200. 
Thus,  something  in  excess  of  6 und  perhaps  us  much  us  20  mg  organic  C/m1 
may  be  Hushed  from  the  lagoon  each  day. 

It  is  useful  to  compare  these  rates  of  particulate-matter  flushing  with 
the  production  rates  of  inorganic  and  organic  carbon.  The  budget  in  Tuble  6 
established  that  the  lagoon-wide  utilization  of  COj  for  net  precipitation  of 
CuCO,  is  14  mmoles  nf1  day"’  (1.4g  CuCO,  nf 1 day"1  ).  It  uppeurs  that  only 
uhout  4%  of  the  total  ('a CO,  produced  in  the  lagoon  escapes  us  suspended 
material.  Net  excess  organic  carbon  production  is  about  3 mmoles  nf 1 day"1 . 
Multiplication  by  1 2 converts  this  value  to  mg  orgunie  carbon:  36  mg  m"2  day"1 . 
Therefore  17%  to  56%  of  the  net  organic  carbon  production  appears  to  be 
Hushed  from  the  system. 


Organic  Material  In  Lngoou  Sediments 

The  orgunie  carbon  content  of  16  sediment  samples  averaged  -0.8%  by 
weight  (standard  deviation  = 0.4$).  The  budgets  of  suspended  materials  can  be 
used  with  these  organic  carbon  analyses  to  calculate  the  flux  of  organic  materials 
into  tlie  sediments  and  from  the  lagoon. 

To  a first  approximation,  no  CuCO,  is  lost  from  the  lugoon;  it  is  all 
deposited  there.  From  tlie  C'02  budget  (Table  6),  the  mean  CuC 03  deposition 
rate  in  the  lagoon  is  therefore  about  1.4  g nf3  day"1 . The  organic  eurbon 
deposition  is  about  0.8'%  of  this  figure,  or  1 1 mg  nf1duy'1 . This  figure  is  about 
30%  of  the  net  excess  organic  carbon  production,  suggesting  that  70%.  of  this 
production  must  be  lost  from  the  lagoon,  This  loss  estimate  is  only  slightly 
higher  than  the  upper  figure  for  tlie  flushing  of  orgunie  eurbon  us  given  by  the 
suspended-load  data.  The  two  values  both  demonstrate  that  most  of  the  net 
excess  organic  carbon  produced  in  the  lugoon  does  not  accumulate  there. 
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DISCUSSION 


Organic  Carbon  Metabolism 

With  respect  to  all  biogeochemieul  flux  parameters  either  measured  or 
inferred,  the  Canton  lugoon  community  shows  distinct  grudlents  of  decreasing 
rates  with  increasing  distance  from  the  lugoon  pass.  These  biogeochemieul 
gradients  provide  u record  of  the  events  which  occurred  in  the  lugoon  during  und 
immediately  preceding  this  survey.  The  patterns  observed  ure  In  general  accord 
with  both  the  present  distribution  of  biota  in  the  lagoon  and  the  pust  distribu- 
tion us  Inferred  from  the  distribution  of  reef  structures.  A vuriety  of  explanations 
might  be  offered  for  the  maintenance  of  these  putterns  over  some  period  of 
time.  We  suspect,  however,  that  the  pattern  is  generui  confirmation  of  the  notion 
that  water  movement  favors  the  growth  of  coral  reefs, 


There  ure  clues  that  water  motion  is,  of  all  the  parameters  acting  on  the 
system,  the  major  one.  Standing  crops  of  fishes  und  corals  are  greutest  neur  the 
pass,  where  tidally  induced  water  flow  is  the  greatest  (Henderson  and  Grovhoug, 
this  report;  Jokiel  und  Maragos,  this  report).  The  richest  reefs  can  be  visited 
safely  only  during  slack  tides.  By  contrast,  reefs  of  the  Altered  Zone  (Frontis- 
piece) are  low  in  both  fish  and  coral  standing  crops,  und  experience  little  water 
motion.  These  reefs  have  obviously  been  recently  damaged,  probably  by  ultered 
circulation.  Extensive  dredging  operations  about  1943  closed  several  small 
passages  along  the  northwestern  side  of  the  lagoon,  ultered  the  configuration  of 
the  main  puss,  und  cut  seuplune  runways  through  patch  and  line  reefs  neur  the 
main  puss  (Henderson  era/.,  this  report).  These  operations  apparently  did  not 
alter  the  total  water  flow  to  and  from  the  lugoon;  the  present  lagoon  tldul  range 
is  about  the  same  as  thut  of  the  adjacent  ocean.  However,  the  putterns  of  water 
flow,  and  perhaps  the  net  exchange  rate  between  the  ocean  und  the  lagoon,  have 
been  ultered,  Almost  certainly,  the  Altered  Zone  hus  experienced  the  greatest 
change  in  circulation. 


Various  aspects  of  water  and  sediment  composition  might  be  implicated 
in  the  limitation  of  lugoon  reef  development  at  Canton.  The  most  conspicuous 
candidates  for  limiting  reef  development  are  salinity,  nutra  nts,  turblditv,  light, 
and  deposition  of  calcareous  mud  on  substrata  which  might  otherwise  be 
uvuilable  for  reef  development,  All  of  the  above  properties  progressively  deviate 
from  ocean-reef  values  with  increasing  distance  into  the  lagoon  from  the  single 
pass.  However,  there  is  evidence  thut  water  motion  exerts  a more  direct 
influence  on  the  reef  biota  than  do  any  of  the  above  variables.  Indeed,  decreasing 
water  motion  may  be  viewed  us  the  major  cause  for  the  gradients  observed  in 
the  above  parameters. 


The  lagoon  salinity  ranges  from  about  36  to  40  o/oo,  outside  the  34-36  °/oo 
range  considered  by  Wells  (1 657)  to  be  optimal  for  coral  growth.  Yet.  luxuriant 
reel's  in  the  Red  Sea  at  salinities  up  to  42  o/oo  have  been  reported  by  Loya  and 
Slobodkin  (1471 ). 

Both  nitrogen  and  phosphorus  are  often  considered  to  be  materials  which 
iriuv  limit  metabolic  activity  of  biological  systems.  The  data  presented  here 
suggest  that  the  net  uptake  ratio  of  dissolved  inorganic  nitrogen  and  phosphorus 
from  the  lagoon  water  (H.5: 1 ) is  slightly  above  the  relative  ratios  of  those 
materials  in  the  water  entering  the  lugoon  (about  6,4;  1 );  that  is,  if  this  uptake 
rate  were  maintained,  nitrogen  would  be  exhausted  slightly  before  phosphorus. 

We  suspect  that  neither  of  these  materials  alone  limits  metabolism  in  the  Canton 
lagoon,  nor  perhaps  in  most  other  coral  reef  ecosystems. 

Turbidity,  light,  and  the  deposition  of  fine  sediments  represent  a complex 
interaction  of  factors  which  have  been  suggested  to  limit  reel  development  in 
other  areas.  Analogy  with  the  reel's  in  the  lagoon  of  Fanning  Atoll  suggests  that 
such  limitation  is  not  the  case  at  Canton.  Roy  and  Smith  ( |47| ) report  that  the 
Fanning  lagoon  reefs  are  much  richer  than  those  at  Canton;  yet  the  water  is 
actually  more  turbid  at  Fanning,  Calcium  carbonate  production  rales  in  the 
two  systems  (Smith  and  I’esrct,  1474;  tins  paper)  suggest  that  the  sediment 
production  rate,  and  by  Implication  the  deposition  rate,  is  perhaps  twice  as  last 
at  Fanning  as  at  Canton. 

Water  motion  has  been  suggested  by  Munk  and  Sargent  (1454).  Wells 
(1454),  and  many  other  authors  to  be  an  important  variable  in  the  development 
of  coral  reefs.  Riedl  (1471)  argues  that  water  motion  is  not  an  environmental 
parameter  in  its  own  right  but  is  ;i  transportation  medium  for  other  materials, 

A variety  of  suggestions  has  been  offered  to  explain  the  roles  of  water  motion 
in  favoring  the  growth  of  coral  reefs.  Perhaps  the  most  recurrent  of  these 
suggested  roles  have  been  that  the  flow  of  water  supplies  food,  aids  in  the 
diffusion  of  dissolved  materials,  dissipates  heat,  transports  larvae,  removes 
waste  products,  and  alleviates  smothering  by  sediments.  All  of  these  sugges- 
tions are  undoubtedly  valid,  and  (lie  list  could  be  expanded, 

Water  motion  also  provides  a substantial  subsidy  of  energy  to  an  ecosystem 
in  addition  to  that  provided  by  solar  radiation.  The  tidal  energy  to  change  the 
water  level  In  the  Canton  lagoon  may  be  calculated  to  be  about  ten  times  the 
caloric  input  from  net  organic  carbon  production,"'  and  energy  input  into  the 


-The  Input  nr  t did  energy  may  bo  approximated  by  the  lonmilu  lor  klnellv  energy  < k >:  K equnls 
the  muss  of  wuler  ruined  or  lowered  limes  the  acceleration  ot'yruvlty  times  the  height  the  witter  Is  rulscd  or 
lowered,  The  muss  of  the  tldul  Iteud  per  sipiure  meter  Is  700  kg,  and  the  water  Is  raised  and  lowered  twice 
the  mean  lldtil  range  (0.7  m)  dully.  So  K Is  1 9 x 10*  Joules  in  ''day  1 , or  about  5 K>'ul  in  'day  •' . The 
unergy  associated  with  a net  organic  carbon  production  of  40  mg  l'  in  ''  day ''  Is  about  1 0 Kcul  per  yrum 
of  eurbon.  or  (1.4  Kent  in  'day  1 (Whit Inker  tin.)  Likens, 


lagoon  by  wind  stirring  is  not  even  numerically  considered  here.  Even  if  only 
a small  percentage  of  this  mochunieal  energy  can  be  utilized  by  urgunisms 
which  would  otherwise  either  move  water  or  move  through  it  In  order  to  serve 
the  roles  enumerated  above,  this  subsidy  is  substantial.  In  the  absence  of 
adequate  evidence  to  demonstrate  which  aspects  of  water  motion  might  be  the 
most  Important.  Its  function  may  be  viewed  as  that  of  a generalized  transfer 
coefficient.  In  any  water  mass.  Increased  motion  will  enhance  the  transfer  of 
materials  used  or  discarded  by  the  biota.  This  transfer  may  be  considered  a 
subsidy  to  input  of  solar  radiation,  The  Input  of  mechanical  energy  Is  not 
evenly  distributed  throughout  the  lagoon,  nearly,  tidal  energy  decreases  with 
distance  from  the  pass,  and  wind  energy  decreases  with  water  depth,  Thus, 
sliullow  reel's  near  the  pass  arc  favored  by  this  energy  subsidy,  Locul  depres- 
sions in  the  shallow  reefs  most  effectively  "channel”  the  flow  of  water  and 
support  vigorous  reef  communities.  In  some  portions  of  the  seaward  reefs, 
water  motion  (energy)  may  be  so  great  that  organisms  are  excluded  or  destroyed 
by  mechanical  damage.  Tor  example,  Munk  and  Sargent  (1954)  report  a mean 
annual  discharge  of  H hp/l't  of  reef  front  against  the  northeast  (windward)  face 
of  Bikini  Atoll.  If  this  power  is  dissipated  over  a depth  of  20  m on  a 30-degree 
slope  (that  is.  to  approximately  the  1 0-fathom  terrace),  then  it  is  equivalent  to 
an  energy  Input  of  about  I04  Real  m "J  day"1  against  that  face  about  2,000 
times  the  mean  energy  Input  we  postulate  for  the  Canton  lagoon.  Examination 
of  a windward  lore-reef  spur  at  Enewetak  Aloll  demonstrates  these  spur  and 
groove  structures  to  be  largely  the  product  of  erosion  (Huddcmoler  ct  mi,  1975), 
at  least  (o  water  depths  of  about  5 m. 

The  budget  of  organic  carbon  production  docs  not  indicate  what  compo- 
nent of  the  community  is  principally  responsible  for  the  production.  II  seems 
likely  that  even  in  the  lagoon  primary  production  Is  dominated  by  the  benthos. 
In  summarizing  plankton  production  rales  for  reef  lagoons,  Gordon  ot  oi  (1971) 
reported  no  value  higher  than  about  I g C m“*  day'1 . If  a gross  production-to- 
rospirallon  ratio  of  2 is  assumed  for  plankton  communities,  then  this  net  pro- 
duction is  equivalent  to  a gross  production  of  about  2 g C m'1  day"1 . This 
figure  is  substantially  below  the  gross  production  rate  calculated  for  Canton 
( ft  g C m"3  day"1  ).  It  therefore  seems  likely  that  the  plankton  are  not  the  major 
producers  of  that  lagoon  community. 

('•'inlon  and  Indeed  several  other  atolls  throughout  the  equatorial  Pacific 
Ocean  are  exposed  to  some  of  the  highest  major  inorganic  nutrient  levels  to  he 
found  In  open  ocean  surface  waters  ( compare  the  phosphate  map  of  Reid,  |9ol. 
with  the  coral-reef  distribution  map  of  Wells,  1957),  Under  such  circumstances 
It  is  reasonable  to  suppose  that  neither  phosphorus  nor  nitrogen  would  limit 
reef  metabolism.  Alternative  mieronutrlents  are  demonstrably  Important  to  the 
productivity  of  phyto,  .mkton  In  the  open  ocean  (for  example.  Iron:  Menzol 
and  Ryther,  l%l ).  and  have  lv  n suggested  to  be  Important  In  the  distribution 
of  some  reel’ algae  (for  example.  SurKtisxiwr,  Doty.  I9.S4;  DeWreedc.  1973), 
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These  micro  nutrients  might  not  correlate  well  with  nitrogen  und  phosphorus, 
because  the  micronutrients  are  largely  supplied  from  loeul  sources  such  us  the 
trace  metals  found  in  the  rocks  of  high  volcanic  islands. 

Available  data  suggest  that  the  productivity  of  atolls  is  probably  similar 
to  that  of  high-island  reefs  (compute  the  data  in  Marsh.  1974,  and  Kohn  und 
Helfrich,  1957,  with  the  summary  data  in  Smith  und  Marsh.  1973).  Critical 
materials  may  be  cycling  more  rapidly  within  atoll  systems  than  high-island 
reefs.  Grazing  activity  (for  example,  by  fishes;  bukus,  1969)  is  of  considerable 
importance  in  this  recycling-perhaps  fur  beyond  the  energetic  importance  of 
the  organisms  in  question. 

The  dissolved  inorganic  nitrogen  and  phosphorus  budgets  of  the  C'unton 
lagoon  both  show  that  the  community  utilizes  these  materials,  hence  that  the 
community  is  autotrophic.  The  slowness  of  the  net  uptake  rates  in  comparison 
to  the  high  gross  production  rate  demonstrates  that  the  margin  of  community 
autotrophy  is  remarkably  slender.  In  fact,  the  low  net  excess  production 
observed  for  the  totul  lagoon  (about  40  mg  ('  m'2  day'1 ) is  somewhat  below 
the  frequently  quoted  net  production  rate  for  the  open  ocean  ( 1 00  mg  m'2 
day'1 ; Rytlier,  1969).  Because  of  the  high  oceanic  nutrient  levels  near  C'unton, 
the  net  excess  production  of  the  ocean  planktonic  community  there  may  well 
exceed  this  value  hy  a considerable  margin. 

Despite  the  very  low  net  excess  production  of  the  Canton  lugomi  commu- 
nity. there  apparently  is  net  export  of  organic  carbon  from  the  atoll  to  the 
open  ocean,  This  conclusion  is  supported  both  by  the  composition  of  materials 
suspended  in  the  water  column  and  hy  the  sediment  composition.  If  there  were 
not  such  export,  the  sediments  should  have  about  2.57!  by  weight  organic 
carbon;  instead,  they  average  about  0.8%,  In  constructing  u carbon  budget  for 
the  Buhuma  Bunks,  Broecker  und  Takahushi  ( 1966)  noted  an  apparent  discrep- 
ancy between  the  budgetary  implications  of  net  organic  carbon  production  und 
the  observe  J sediment  composition.  They  concluded  that  their  budget  was  not 
properly  balanced.  This  does  not  seem  to  be  the  case  at  Canton,  and  it  may  not 
have  been  true  for  the  Bahamas  budget  either.  The  suspended-load  data  discussed 
here  suggest  that  there  may  be  substantial  removal  of  organic  material  from  the 
lagoon,  with  relatively  little  CuCOj  loss.  A variety  of  explanations  might  be 
offered  for  this  phenomenon;  those  given  below  seem  the  most  reasonable. 


In  the  first  place.  CuCOj  precipitated  by  the  benthos  in  the  lagoon  is  less 
likely  than  organic  carbon  to  be  dislodged  from  the  lagoon  Hour  by  either 
mechanical  or  biological  activity  and  then  to  become  suspended  in  the  water 
column.  Organic  material,  once  suspended,  is  less  dense  than  the  CaC'O.,  and 
will  stay  in  suspension  longer.  Hence,  particulate  orgunlc  carbon  is  more  suscep- 
tible to  (lushing  from  the  system  than  is  inorganic  carbon.  Moreover,  one  major 
component  of  the  organic  carbon  inventory  in  the  lagoon  has  not  even  been 
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evaluated  in  these  budgets  dissolved  organic  carbon.  This  material  would  also 
be  easily  Hushed  from  the  system,  Indeed,  it  would  be  surprising  if  there  were 
not  more  organic  carbon  lost  than  inorganic  carbon. 


The  suggested  export  of  up  to  70 7 of  the  excess  orgunic  carbon  produced 
in  the  lagoon  makes  the  narrow  autotrophic  margin  of  the  lagoon  community 
all  the  more  remarkable.  Most  of  the  excess  production  which  does  occur  does 
not  accumulate  but  leaks  from  the  system.  The  gross  organic  carbon  production 
of  the  Canton  lagoon  is  almost  10*  tons/yr.  The  net  excess  orgunic  carbon 
production  of  the  lagoon  amounts  to  approximately  550  metric  tons/yr.  Of 
that  net  production,  about  400  tons  is  lost  to  the  ocean,  and  the  remainder 
(0.2%  of  the  gross  production  I accumulates  with  sediments  on  the  lugoon  tloor. 


Depositional  History 

The  C'aCOj  production  rate  in  the  lagoon  is  about  500  g nf 1 yr" 1 (Table  (>). 
This  rate  is  about  10  to  15%  of  the  rates  which  have  been  reported  by  the  same 
alkalinity-depletion  technique  for  reef  Huts  (Smith,  1973:  Kinsey,  1972).  about 
half  the  rate  found  in  the  Fanning.  Atoll  lagoon  (Smith  and  Pesret,  1974),  and 
the  same  as  the  rute  reported  by  Broeckerand  Takahashi  ( 1966)  for  the  Bahama 
Banks.  If  it  is  assumed  that  the  sedimentary  materials  being  produced  have  a 
dry -weight  density  of  ubout  1.4  g/cnv1  (that  is,  about  507  porosity),  and  that 
none  of  the  material  being  produced  is  lost  from  the  lagoon,  then  this  produc- 
tion rate  at  Canton  is  equivalent  to  a mean  vertical  deposition  rate  of  about 
0.3  mm/yr.  World-wide  mean  sea  level  is  presently  changing  little,  if  ut  all  (Curray 
<7  a/.,  1970);  there  is  no  reason  to  suspect  that  large  vertical  tectonic  movements 
have  occurred  at  Canton.*  Therefore,  the  lagoon  floor  at  Canton  is  probably  not 
shoaling  by  more  thun  this  small  increment.  There  probably  is  a balance  between 
'too  much"  production  on  the  reefs  and  "too  little"  production  on  the  lagoon 
tloor.  Erosion  (largely  biological)  allows  redistribution  of  materials  throughout 
the  lugoon. 


Prior  to  ubout  8,000  years  ago.  sea  level  was  rising  at  a rute  upprouching 
2 cm/yr  (Curray  vt  «/.,  1970),  Under  such  conditions,  it  is  inconceivable  that 
reefs  resembling  those  presently  found  In  the  ('unton  lugoon  could  have 
produced  sufficient  sediment  to  maintain  the  lugoon  floor  ut  a constunt  depth 


‘There  ure  morphological  lea  lures  which  suggest  (hut  there  muy  have  been  us  much  us  a 2-meter 
hlgh-stund  (possibly  locul)of  sea  level  ut  Outturn  within  the  lust  several  thousand  years.  This  uncertainty 
Is  within  the  range  of  present  debute  ubout  euslutle  changes  und  Is  of  no  direct  concern  here. 


relative  to  the  rising  sea  level,  In  fuct,  even  it'  such  reefs  were  not  being  eroded, 
they  probably  still  could  not  have  maintained  themselves  at  sea  level.  Yet  the 
reef  structures  probably  do  not  greatly  antedate  the  present  general  island 
morphology.  The  shape  of  the  reefs  appeurs  related  to  water  (low  to  and  from 
the  lagoon. 


The  entire  reef  configuration  in  the  lagoon  today  therefore  appears  to  be 
less  than  8,000  years  old.  and  these  reefs  have  probably,  grown  up  from  a base 
approximated  hy  the  present  maximum  depth  found  in  the  tagoon  (about  25  in). 
Topogruphic  details  of  the  base  cannot  he  inferred  from  the  present  topography. 
This  amounts  to  a lagoon  infilling  of  about  20  ni  in  8,000  years,  or  an  average 
of  2.5  mm/yr. 


If  this  interpretation  is  substantially  correct,  then  the  growth  of  the  reefs 
in  the  lagoon  has  slowed  considerably  as  the  lagoon  has  become  clogged  with 
reef  structures.  One  or  more  passages  have  existed  along  the  southeast  rim  of 
the  atoll  untii  relatively  recently  and  huve  been  blocked  by  the  formation  of 
beach  ridges  or  uy  slight  oscillations  in  relative  sea  level  or  by  both.  The 
maximum  initial  rate  of  reef  growth  making  this  model  feasible  is  about  5 mm/yr 
if  the  slowdown  from  that  maximum  rate  has  been  constant  with  time.  This 
maximum  rate  is  consistent  with  the  rates  which  Smith  1 1 ‘>73)  and  Kinsey  ( ll>7 
have  reported  for  shallow  reef  environments  elsewhere. 


Mechanisms  governing  CaCOj  production  rate  in  the  Canton  lagoon  are 
probably  similar  to  those  which  limit  organic  carbon  production.  Corals  are  the 
most  conspicuous  calcifying  organisms  in  the  lagoon,  if  not  the  major  ones. 

The  distribution  of  corals  obviously  is  sensitive  to  location  (Jokiel  and  Maragos, 
this  report).  The  growth  rates  of  a few  individual  coral  heads  from  Canton  huve 
been  determined  by  means  of  x-radiography  (R.  Buddemeicr.  personal  commu- 
nication), and  these  rates  do  not  appear  to  be  directly  sensitive  to  the  location 
from  which  the  coral  was  collected.  Hence,  the  CaCOj  production  rate  of  the 
lagoon  seems  more  nearly  related  to  the  standing  crop  of  calcifying  organisms 
than  to  variations  In  the  calcification  rates  of  individual  tuxu. 

The  Canton  lagoon  C'02  system  bears  one  major  eontrust  with  that  of 
Panning  lagoon.  Fanning  lagoon  water  was  found  to  be  approximately  saturated 
with  aragonite,  and  that  saturation  state  was  suggested  as  a possible  factor 
limiting  the  CuCO.,  production  rate  there  (Smith  and  Pesret.  1474).  At  Canton, 
the  calculated  suturution  state  of  the  water  with  aragonite  remains  relatively 
constant  throughout  the  lagoon,  near  200';  saturated  (CuCO,!  ion  activity 
product  *“  10  , y ).  It  thus  appears  that  the  rate  at  which  CaCOj  is  precipitated 
in  that  lagoon  approximately  matches  the  increase  in  CaCO,  ion  activity 
product  from  evaporation. 
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SUMMARY  AND  CONCLUSIONS 


Much  of  the  budgetary  analysis  presented  here  is  highly  speculative,  and 
th is  speculation  is  offered  without  apology.  The  budgets  provide  a rapid  over- 
view of  a poorly  known  environment  which  constitutes  a major  portion  of 
coral  atolls,  Such  an  overview  gives  little  attention  to  biological  detail;  that 
detail  cun  follow,  using  the  overview  as  a framework  on  which  to  build. 

This  investigation  was  undertaken  as  part  of  an  environmental  survey  of 
the  Canton  lagoon.  The  budgets  provide  bases  for  environmental  assessment. 

The  major  environmental  characteristics  suggested  by  the  budget  are  summarized 
below. 

Fvaporati  in,  rainfall,  and  salinity  provide  tlte  basis  for  estimating  l lie 
residence  time  of  water  in  the  lagoon.  Salinity  increases  from  net  evaporation  as 
water  ages  in  the  lagoon.  The  mean  resilience  time  of  water  in  the  lagoon  is 
about  50  days,  while  the  oldest  water  remains  in  the  lagoon  about  l)5  days, 

Tlie  productivity  of  the  ('union  lagoon  community  is  probably  not  limited 
by  the  major  inorganic  plant  nutrients  (nitrogen  and  phosphorus),  Both  of 
these  materials  are  present  at  high  concentrations  in  water  entering  the  lagoon, 
and  neither  is  exhausted  while  the  waterages  in  the  lagoon.  The  tut  utilization 
of  nutrients  demonstrates  that  the  lagoon  community  is  autotrophic,  and  the 
slow  rate  of  utilization  demonstrates  that  the  margin  of  autotrophy  is  narrow. 
Lagoon-wide  phosplm.us  utilization  is  about  0.027  mmole  in  2 day  1 , and 
nitrogen  utilization  is  about  H.5  times  t his  rate. 

Net  organic  carbon  production  can  be  inferred  from  the  phosphorus  budget 
to  be  about  3 mmoles  nf 2 day'1 . or  about  3b  mg  (’  nf 2 day"1 . This  rate  is 
probably  near  the  net  organic  carbon  production  of  the  open  ocean  adjacent  to 
the  atoll,  (iross  organic  carbon  production  is  about  h g('  nf2  day' 1 . comparable 
to  rates  which  have  been  estimated  for  coral  reef  flats  elsewhere  and  over  100 
times  the  net  production.  Thus,  the  lagoon  maintains  a remarkably  close  balance 
between  the  production  and  consumption  of  organic  compounds.  Both  the 
suspended  load  and  the  sediments  suggest  that  most  of  this  small  excess  of 
organic  carbon  which  is  produced  is  Hushed  from  the  lagoon  rather  than  being 
incorporated  into  the  sediments.  Yet  the  amount  of  Hushed  material  is  a trivial 
fraction  of  the  gross  production. 

The  rate  at  which  the  lagoon  community  produces  calcareous  material  is 
much  slower  than  CaCG*  production  rates  reported  for  other  pi. ••lions  of  coral 
atolls.  It  appears  likely  that  the  lagoon  reefs  have  developed  within  the  last 
X.000  years  and  have  filled  the  lagoon  with  up  to  20  m of  sedimentary  materials. 
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The  standing  crop  of  organisms  in  the  lagoon  is  obviously  related  to  local 
variations  in  water  motion  within  the  lagoon.  Net  and  gross  organic  carbon 
production  and  the  production  of  CaCOj  are  also  apparently  related  to  this 
motion,  Aside  from  purely  mechanical  destruction,  the  only  extensive  human 
damage  to  the  lagoon  community  uppears  to  be  associated  with  local  reduction 
of  water  motion  within  the  lagoon.  Such  artificial  damuge  is  minor  in  comparison 
with  the  pervasive  geological  history  of  progressive  lagoon  infilling,  enclosure, 
and  restriction  of  circulation. 

Perhaps  the  most  conspicuous  attribute  of  the  Canton  lugoon  muteriul 
balance  is  the  efficiency  with  which  the  system  retains  materials  once  formed. 

In  the  case  of  organic  materials,  this  retention  is  accomplished  by  virtually 
complete  recycling  of  materials,  with  almost  no  loss  of  these  materials  buck  to 
the  open  ocean  or  to  the  sediments  on  the  lagoon  floor.  The  small  loss  which 
does  occur  is  balanced  by  the  continued  uptake  of  materials  from  oceun  water 
which  flows  Into  the  lagoon.  Inorganic  materials  are  precipitated  and  deposited. 
Icuding  to  a gradual  infilling  of  the  lagoon  with  calcareous  sediments. 
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ABSTRACT 


Over  75  species  und  36  genera  and  subgenera  of  reef  corals  were  reported 
during  recent  surveys  at  Canton  Atoll.  When  combined  with  the  new  records 
reported  at  McKean  Atoll,  these  records  nearly  double  the  number  of  species 
and  genera  previously  reported  for  the  Phoenix  Islands.  Although  the  Phoenix 
Island  coral  fauna  is  considerably  more  diverse  than  previously  estimated  and 
more  diverse  thun  reported  for  island  groups  to  the  east.  Island  groups  to  the 
west  show  much  higher  coral  diversities.  These  findings  are  consistent  with  the 
overall  trend,  previously  noted  by  Wells  ( ll>54)  and  others,  of  a decreasing 
number  of  coral  species  and  genera  from  west  to  east  across  the  tropical  Pacific. 

Investigations  also  reveal  that  significant  dissimilarities  exist  between  the 
species  and  generic  lists  of  Canton  and  adjacent  islands  and  island  groups  in  the 
Central  Pacific.  Although  some  of  the  apparent  discontinuities  in  the  distribu- 
tion of  certain  corals  may  be  artifacts  resulting  from  variable  or  incomplete 
sampling,  some  are  apparently  real.  The  causes  for  the  local  suppression  of 
certain  genera  and  species  from  some  islands  and  their  abundance  on  others 
nearby  are  unknown  but  are  probably  related  to  geographic  isolation  or  varia- 
tions in  the  local  rates  of  immigration  and  extinction  of  coral  species. 

Comparison  of  the  Phoenix  data  with  previously  reported  coral  distribu- 
tions in  the  Indian  Ocean  seems  to  support  the  theory  that  the  lndo-Paeific  reef 
coral  fauna  shows  a homogenous  distribution. 
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INTRODUCTION 


This  paper  describes  the  hermutypic  and  ahermatypic  corals  collected  at 
Canton  Atoll  during  visits  by  the  authors  in  1972  and  1973.  An  uttenipt  is  also 
made  to  compare  the  Canton  reef  coral  fauna  with  those  of  other  atolls  and 
island  groups  in  the  Central  Pacific,  A companion  paper  (Jokiel  and  Marugos, 
this  report)  focuses  on  the  abundance  und  distribution  of  corals  in  different 
environments  at  Canton  and  describes  the  probable  factors  controlling  coral 
distribution  on  the  atoll. 

The  results  of  this  study  are  based  upon  corals  collected  during  three 
separate  visits  to  Canton.  Jokiel  visited  Canton  and  Hull  Atolls  for  one  week 
during  the  summer  of  1 972  and  acquired  a collection  of  corals  from  lagoon 
and  ocean  reef  environments.  Marugos  visited  Canton  for  four  weeks  in 
September  1973  and  also  collected  corals  from  lagoon  and  ocean  reel's, 

Jokiel  visited  Canton  and  obtained  additional  coral  specimens  primarily  from 
lagoon  environments  during  a survey  by  the  Naval  Undersea  Center  and  the 
Hawaii  Institute  of  Biology  for  two  weeks  in  Novcmber-Deecinbcr  1973, 

Previous  information  on  corals  from  the  Phoenix  Islands  was  obtained 
from  John  Wells  (personal  communication),  who  collected  20  genera  and 
suhgenera  of  reef  corals  front  Canton  lagoon.  In  addition.  Dana  ( 1 975)  made 
an  extensive  collection  of  corals  from  McKean  Atoll,  also  in  the  Phoenix 
group,  to  the  west  of  Canton  (Frontispiece). 


METHODS 


Nearly  1 00  reef  sites  were  surveyed  during  the  three  visits.  Corals  were 
collected  by  scuba  divers  operating  from  small  skiffs  or  swimming  out  from 
shore,  Information  on  location,  water  depth,  reef  morphology,  and  other 
environmental  data  was  recorded  for  each  site.  Comprehensive  water  chemistry, 
biological,  and  physical  data  were  also  collected  at  some  of  the  sites  during  the 
third  visit  (see  other  papers  in  this  report ).  Locations  of  the  collecting  sites  arc 
found  in  the  companion  paper  (Jokiel  and  Murugos,  this  report).  Additional 
descriptive  material  on  Canton  is  found  in  Henderson  ct  al.  (this  report). 

Coral  Identification  was  carried  out  at  Canton  and  later  in  Hawaii. 

Collected  coral  samples  were  immersed  in  a dilute  sodium  hypochlorite  (Clorox) 
solution  lor  24  hours  and  then  cleaned  und  dried,  Tags  showing  the  date,  location. 
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depth  of  collection,  unci  other  information  were  attached  to  each  coral  skeleton 
sample.  Some  of  the  specimens  were  identified  using  published  reference  reports 
on  eorul  systematic^.  Others  were  identified  using  the  reference  collections  of 
Maragos,  the  Bishop  Museum,  and  the  Hawaii  Institute  of  Marine  Biology. 
Approximately  40  of  the  tuxonomically  difficult  specimens  were  sent  to 
Dr.  John  W,  Wells  (Cornell  University),  who  kindly  made  the  identifications, 

Fortunately,  it  was  possible  to  compare  Dana's  collections  from  McKean 
with  ours  from  Canton  and  Hull  before  this  paper  was  written.  The  comparisons 
provided  a reliable  basis  for  comparing  the  coral  faunas  of  the  respective 
localities  and  determining  which  of  the  differences  in  the  species  lists  were  real 
or  artificial.  Because  of  the  problems  associated  with  growth  form  variation  in 
coruls,  systematic  descriptions  are  frequently  unreliable  at  the  species  level 
(Wells,  1954),  Some  of  the  discrepancies  in  the  species  assignments  made  for  the 
two  collections  are  probably  the  result  of  differences  in  source  material,  refer- 
ence material,  experience,  and  procedures  of  the  different  taxonomists  making 
the  identifications.  In  particular,  there  were  Inconsistent  assignments  for  corals 
of  the  genera  Mniitipora,  An  illo/iom,  and  AnV/c.v. 


RESULTS 


Cun  ton  is  an  oblong,  roughly  triangular  atoll  having  a northeast-southwest 
axis  about  1 7 km  long.  The  width  of  the  lagoon  perpendicular  to  the  long  axis 
averages  about  4 km  (Henderson  <7  a/.,  this  report).  The  single  deep  passage 
through  the  atoll  is  located  on  the  leeward  (western'  side  of  the  atoll,  Reefs  in 
the  lagoon  were  well  sampled  for  corals.  Ocean  reefs  within  2 km  of  the  passage 
were  ulso  Investigated.  Time  and  logistic  constraints  did  not  permit  surveys  on 
ocean  reefs  farther  from  the  passage. 

A list  of  the  corals  collected  at  Canton  Atoll  is  presented  In  Table  7, 

Only  a few  specimens  were  collected  from  the  lagoon  al  Hull  Atoll,  and  none  of 
the  species  was  unique  to  Hull.  The  coral  list  includes  82  species,  of  which  5 
are  ahermatypes  and  77  are  hermatypes  (reef  corals).  Of  the  40  genera  and 
subgenera  of  coruls  collected,  3(>  arc  hermatypic.  Only  one  hermutyplc  species 
and  genus  collected  by  Wells  during  an  earlier  visit  was  not  collected  during  our 
later  visits  to  Canton  [Pntlabaria  emstdav),  The  new  records  now  raise  the 
total  number  of  reported  reef  coral  genera  and  suhgeneru  from  20  to  36,  In 
addition,  Dunu  ( 1975)  has  reported  24  genera  and  subgenera  and  5 I species  of 
reef  corals  from  McKean  Atoll,  also  within  the  Phoenix  Islands,  Of  the  McKean 
coruls,  the  genera  Pleslastrea  and  Purltcx  (Sy  nam'd)  were  not  reported  at  Canton, 
Thus,  the  total  generic  diversity  (that  Is.  number  of  genera  and  subgencru  per  island 
group)  of  reef  corals  from  the  Phoenix  Islands  has  been  increased  to  at  least  38, 


Table  7,  Species  list  nl'  reel'  corals  collected  from  Cun  ton  Atull  by  Joklel  und  Muruitos, 
An  "M"  follows  the  names  of  species  also  reported  at  McKean  by  Dana  (I97.M. 


Acropom  cnnlgera  (Dunu) 

Aero  pom  sp,  cf,  A.  corymbose  (Lum,) 

Acropors  cylltcrca  (Dunu)  or  A.  hyadntbus  var.  cythcrca  (buna) 

Acropors  for  mo  so  (buna) 

Acropom  sp.  cf.  A hyadntbus  tUunu)  - M 
Acropom  hum  Ills  (Dune)  - M 
Acropom  sp,  cf,  A nasuia  (buna) 

Acropom  pallfera  (Lam.) 

Acropom  sp.  ef,  A,  polymorphs  (llrook) 

Acropom  reticulata  (Brook) 

Acropom  sp.  cf.  /I,  rotumaua  (Ourdlner) 

Acropom  sp,  cf. /I,  sure Hlosa  (Duna) 

Acropom  syriogoilcs  (Brook) 

Agarldclla  sp. 

Ayarldclta  /rmJcroxi  tliardiner) 

Astrcopora  myrloplithalma  (Lum.) 

Coscloamca  columua  (Duna) 

*\'iCullda  sp,  cf.  C.  rubeola  tOooy  and  lialinurd) 

Cyplmtre a xeratlta  (lorskuul) 

+'i‘'  l)lttlclwi>om  vlolacca  (Pallas) 

Kchtuopora  Is  mellow  (Ksper)  M 
Fdtiitophyllla  aspera  Hills  & Solamler 
Facia  ixillltla  (Dunu)  M 
I'avla  sp.  ef.  /•<  rotimutu  (Uurdlner) 

Favla  spedosa  (Dana) 

I'avla  stclltgcra  (Dunu)  - M 
Favltes abillta  (Kills  A Solunder)  - M 
Favltes  peutagona  (Ksper)  - M 
Fiut/ila  (DanafUnglal  valuta  Verrlll 
Fungla  (Fiotgia/  Junglivx  (Linn.) 

Fungla  (Pldtnvllsi  immotensts  Slutehbury 
Funglti  iHcuractls)  setitarla  Lum.  M 
/'unit  la  t I crrlttojungla)  conclima  Verrlll  - M 
(i'o)  i la  urea  pedluata  (Khrenberu) 

Halomltra  phlllppliiensls  Studer  M 
llerpollilia  Umax  (Ksper) 
llydnoplmra  inhrocoiius  (Lion.)  M 
Hydnophora  rlgida  (Dana)  M 
l.cptustrea  purpurea  (Dunu)  - M 
l.eptastrea  toots  versa  (Klun/inger)  M 
l.eptorta  phrygta  Kills  & Solunder 
l.eptoseris  oiyeetoscrohles  Wells  M 
leptoserts  scahra  Vaughan 
l.obophyllla  costata  (Dana)  - M 
■rSUUepora  plalyphylla  llcmprldt  und  Khreiilwrg  M 
Moittlpora  social  is  Bernard  - M 
Moittlpora  tuberculosa  (Lam.) 

Moittlpora  verrllll  Vaughan  M 
Moittlpora  verrucosa  (Lain.) 

1‘achyseris  spedosa  (Dana! 

(Colttd) 
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Table  7.  (C'ontd) 


Paralialomllra  rohusia  (Quelch)  M 
Pavona  clams  (Dunu)  M 
Pavona  gig, ultra  Vcrrlll  M 
Pavona  praeloria  (Dana) 

Pavona  various  Vcrrlll  - M 

Pavona  (Pscutioailunmaslraea)  pnllleata  Well* 

Pavona  *p.  M 

Platygyra  lanuiliiw  lihrenbcrg  var,  rustled (Dana)  - M 
Platygyra  sinensis  (MllnoT'.dwurds  und  llalmc) 

Plerogyra  stnuosa  (Dana) 

Poelllrpora  damieornis  (Linn.)  M 
Poelllnpnra  up,  cl\  P eli'itans  M 
PneiUopnra  eydnnxl  Mllne-I.dwurd*  and  llalmc  M 
Poelllnpnra  meandrina  Dunu  M ? 

Poclllnpora  molokensis  Vuupliun 
PneUhpora  verrucosa  (ITII*  and  Sulunder)  M 
Pmltihaciu  Crustacea  (I’ullus) 

Pottles  brirhami  Vuuphun 

Puriies  up,  cf.  P.  cevlmi  llernurd  or  ubnormul  l‘  llcllen  (Du mi) 
Porhes  lichen  Dunu  M 
Puriies  lobata  Dunu  M 
Parties  lined  Mllnc-Ldwardr  und  lluimc  M 
Ponies  pukoensis  Vumilmn 
Pnrltes  super) usa  (iurdincr  M 

Psammnt  nra  ( Plcsloserisl  prniwidaeella  (Iurdincr 
Psaniiiineiira  omliyiiu  (I  spcrl 
PuiiuiiK’cnrd  iUcr\tids:l  Van  dor  Horst  M 
Psiiminoconi  (Sicphanurid)  stellaia  Vcrrlll 
* Slvlasler  »p.  cl\  .V  el, gain  Vcrrlll 
■ I'uhasirnea  enetineil  l.otson 
lubasintea  ciplians  (Dunu) 

Vurhhnirid  sp.  cl'.  T irregularis  llernurd  M 


u Alicrntuiypcs 
+lljdro/o..n  corals 

Amonj:  the  most  I roq nont In  encountered  or  common  species  observed  ;it 
( union  are  Acro/toni  Jiirnmsii.  I\  ltiin>inihi  ItiimHnsii,  lit  via  slclliyciv,  /•'  ihillithi, 
(imiitisiivii  /)(’<  liiiiim,  lliilmiiitni  i>liili/>i>iiicnsi\,  /li  i/iolitlui  liiihix,  llyjim/i/mni 
liyiild,  Millc/iiini  film. ifilnila.  * Mnnli/mra  i crrilli,  1‘iivmui  nniiinl'hl.  Pt>tillt>i"int 
mpii  nil  linn,  I > iliiniicnrnis,  and  Puriies  lulai.  Detailed  information  on  the  abun- 
dance and  distribution  of  these  and  other  corals  at  Canton  may  lie  found  in 
.lokiel  and  Marajios  (this  report). 


•There  appears  to  lie  u complete  prowl h-lortn  series  wllltln  the  nemis  Mlllepma.  between  lornts 
which  could  he  tlescrlhed  us  M.  plaivpliylla  ,nnl  M leneru.  I Ins  ptaditllon  is  recopni/ed  at  (anion,  lull  all 
ol  the  spechtH'ii'  ol  iho  pcmis  ate  here  included  under  die  staple  name  M plalvpliylla 


DISCUSSION 


Comparison  of  the  Canton  and  McKean  Corat  Faunas 

Dunu's  ( I *>751  species  list  of  reef  corals  from  McKean  includes  19  species 
which  uro  absent  from  the  Canton  list  (Table  8).  This  discrepancy  principally 
appears  to  represent  taxonomic  vagaries  rather  than  real  differences.  Compari- 
sons of  the  actual  specimens  collected  from  both  locations  revealed  that  only 
eight  of  the  McKean  species  were  probably  not  reported  from  Canton  (see 
footnotes,  Table  8).  in  contrast,  41  of  the  77  Canton  reef  coral  species  were 
not  reported  at  McKean  (Table  7).  Table  9 lists  38  genera'and  subgenera  from 
Canton  and  McKean;  2 of  those  genera  are  restricted  to  McKean.  15  are  restricted  to 

Table  H.  Keef  coral  species  from  McKcun  Atoll  which  wet*  not  reported  from  ('union  or  Hull  Atolls. 

Oulu  from  Punu  (1975). 

Acropom  cymbkyalhm  (Itrook) 

A variahilis  (Klun/lntter) 

I'yplMlM  mkroplithalma  (Lamurck) 

Milh'poN  "turwy i Quelclt1 * 
Motilipora  avqtii  luhvrailaia  Bernard* 

M.  granulatu  Bernard* 

M Informix  Bernard 
M.  ir/um  (lltronbcrs) 

Pawtia  vlhvw  Vetrlll3 
P.  minute  Wells 
P.  ( Polyastra j sp,4 5 6 * 
Pksiastrva  ton/pore  (Lumurck) 

Plalygyra  davdahv  (Kills  & Soltinder)* 

PoeiHopora  vkganx  l)utiub 
P,  k lt  lu  lli  llolfmeisier* 

Porilvs auxiralknsix  Vuujtltan8 
Jragoxa  Ounu® 

P soltda  (lorskuul)® 

P.  iSynaracal  hawviivnxh  Vunpltan 


lWe  Identified  tills  form  from  ('union  us  it  rumo.se  variety  of  Al  platypln  lla. 

*We  identified  ull  l uhorculuto  Monti/mru  from  ('union  u xM.  \rrrilh  mid  thus  this  form  may  exist  ut 
(union. 

3 We  Identified  this  form  of  Pavima  from  ( union  in P vlavux. 

4We  Identified  this  form  of  Pavima  from  Canton  as  1‘avona  sp. 

5We  Idunt tiled  this  form  of  Plalygyra  from  Canton  us  P.  lanwltiiia 

6We  Identified  similar  forms  from  Canton  us P.  mvamlrina  or  P.  vvdmi.xi 

*We  Identified  all  robust  tespllose  Poiilhifuira  from  Canton  us  P.  Jamkorniy  und  thus  this  form  may 
exist  ut  Canton. 

*We  Identified  this  form  ot  Porilvs  from  Canton  as/’  lohata. 


V 


Canton,  and  2!  arc  found  at  both  locations.  If  it  is  assumed  that  both  atolls 
were  equally  sampled  for  eoruls,  then  these  data  indicate  the  McKcun  fauna  to 
be  considerably  less  diverse  than  those  at  Canton.  The  differences  seem  sur- 
prising. us  McKean  is  located  only  350  km  to  the  west  of  Canton. 


Tuble  V.  existing  und  new  generic  records  of  reef  coral*  from  Canton  and  McKean,  I'liotmlx  lslunds 
(Subgcncru  arc  In  parentheses). 


existing 

Nuw 

Avropora 

*Agarklella 

+/1  strvopora 

+Conr/iumv 

Cvpliasirea 

Pavla 

+(P<nialinixia) 

Pavltvs 

Pvlilnnpora 

+(Puitgla) 

+Pch  Inaptly  Ilia 

(Pkuractls) 

Hhmiastrva 

! 1 ‘vnllltifunitta) 

Halt  nn  llrd 

+l.t'l>loHa 

+flir(Hillilia 

l.cphwrls 

IlyUiiopImra 

■vpadnwls 

l.vplastrva 

Paraliulomltra 

l.ohoplivllia 

+*l,ksltistrcu 

MllU'imm 

•f/Pmnloinluniimtnea) 

Moniipnra 

*Pkmgyra 

Mm  »w 

*!Pkshscrls) 

Plalynyta 

*fSicplianarlal 

Podlloporu 

++(Synarava) 

♦M  nldhacu 

Purhlnarla 

/•will's 

Pm miofimi 

■h Recorded  from  McKcun  only  (burnt,  1975). 
t-Kccordcd  from  ('union  only  (Wells,  unpublished;  this  report). 


The  most  likely  causes  of  the  lower  diversity  at  McKean  Atoll  arc 
geographic  isolation  and  limitation  both  in  amount  and  diversity  of  habitat. 
McKean  is  Isolated  from  other  islands  of  the  Phoenix  group.  In  addition,  McKean 
is  smaller  than  Canton  and  lacks  a lagoon,  Thus,  potential  coral  colonizers  may 
reach  McKean  In  fewer  numbers  from  nearby  islands  and  would  find  propor- 
tionally fewer  habitats  in  which  to  reside.  Of  the  abundant  species  of  Canton 
which  arc  also  present  on  McKean,  only  about  half  are  also  abundant  a!  McKean, 
This  further  indicates  potentially  divergent  colonization,  extinction,  ami 
developmental  patterns  for  coral  communities  on  the  two  atolls.  Dana  (personal 
communication  > also  indicated  that  the  sampling  effort  at  McKean  was  only 
about  one-third  that  of  Canton,  This  may  have,  in  part,  contributed  to  the 
smaller  number  of  recorded  species  from  McKean. 


Comparison  of  the  Coral  Faunas  of  the  Phoenix  and 
Other  Central  Pacific  Island  Groups 


Tlu*  Phoenix  Islands  are  relatively  isolated  from  other  island  groups  in  the 
Centrul  Pacific,  several  of  which  have  been  well  sampled  for  reef  corals,  ('union 
Atoll  is  the  northernmost  of  the  eight  Phoenix  Islunds;  the  island  group  covers 
u 300  x 500  km  section  in  the  central  equutoriul  Pacific  (Frontispiece). 
Enderbury,  the  neurest  atoll  to  Canton,  is  located  ubout  75  km  to  the  south- 
west. Howlund  and  Baker  atolls  are  outliers  northwest  of  the  Phoenix  Islunds. 
The  Phoenix  Islunds  lie  approximately  1600  km  southwest  of  the  Line  Islunds. 
3500  km  southwest  of  Hawaii,  2500  km  northwest  of  the  Cook  Islands  und 
French  Polynesia,  600  km  north  of  the  Tokeluus,  1 200  km  north  of  Samoa. 

1000  km  northeust  of  the  Ellice  Islunds.  1200  km  east-southeast  of  the  Gilberts 
und  2200  km  southeast  of  the  Marshall  Islands.  There  are  also  a number  of 
isolated  islunds  within  1500  km  of  Cunton.  Including  Swulns,  Nassau,  Jarvis, 
und  Hunger  Islunds. 

At  least  85  species  und  38  gencru  and  subgeneru  of  reef  corals  have  now 
been  reported  from  the  Phoenix  Islunds,  if  our  list  is  combined  with  those  of 
Duna  C 1 975 ) und  Wells  (unpublished).  Recent  studies  in  reef  coral  zoogeography 
are  usuully  bused  on  the  distribution  of  genera  and  subgeneru  (Wells,  1054: 
Rosen,  1971:  und  other  studies),  because  species  may  be  inconsistently  assigned. 

Despite  the  augmented  generic  diversities  for  the  Phoenix  coral  fuunu. 
adequately  sampled  island  groups  to  the  northwest,  west,  and  southwest  show 
even  higher  generic  diversities,  For  example,  well  over  50  genera  and  subgeneru 
are  now  reported  from  the  Marshall,  Samoa,  Fiji,  und  other  groups  (Wells, 

1954;  Stehli  und  W,  lls.  1971 ; und  others).  Although  the  Ellice  Islands  (Including 
Funafuti  Atoll  und  Rotumu  Island)  huve  only  been  superficially  examined  for 
corals  (Gurdiner,  1898;  Whlteleggc.  1898;  und  Finckh.  1904),  ut  leust  six 
important  genera  U/clln/tora,  Styln/ilmm,  l\it/>hylllu,  Syin/ihylliu,  Acamhti.'iircu, 
and  Oxypnru)  present  in  that  atoll  group  are  apparently  absent  from  the  Phoenix 
Islunds.  Of  special  significance  is  the  geological  und  ecological  importance  of  the 
blue  coral  lldin/ioni  at  Funafuti  (Finckh,  1904)  and  its  absence  from  reefs  in 
the  Phoenix  Islands, 

Generic  coral  diversities  are  generally  lower  for  island  groups  to  the  cast 
of  the  Phoenix  islands.  For  example,  only  14  genera  und  subgeneru  are  present 
in  Huwuli  (Marugos,  In  press),  und  35  huve  been  reported  in  the  Line  Islands 
(Murugos,  1974),  Generic  diversities  ure  still  lower  for  island  groups  in  the 
eastern  Pacific  (Stehli  und  Wells,  1971 ; Glynn  cl  <//..  1972 ),  These  findings  are 
consistent  with  the  generally  recognized  trend,  as  discussed  by  Wells  ( 1 954)  and 
others,  of  decreasing  generic  diversity  from  west  to  east  across  tropical  oceans, 


The  studies  of  Stclili  uiul  Wells  ( l‘)7l ) und  Rosen  ( l')7l ) provide 
convincing  evidence  for  u positive  correlation  between  seuwuter  temperutures 
und  generic  diversities  of  eoruls.  It  seems  safe  to  conclude  that  temperature 
conditions  play  an  important  role  in  controlling  generic  diversities  on  a broad 
oceanic  scale,  but  muy  be  less  Important  at  smaller  distances,  where  differences 
In  temperuture  conditions  between  adjacent  islund  groups  may  not  be  signifi- 
cant. Other  factors  which  may  explain  the  greater  diversities  in  the  Western 
Pacific  are  the  greater  concentration  of  island  groups  (with  a corresponding 
incrouse  in  the  amount  and  diversity  of  habitut)  und  the  predominant  pattern  of 
tropical  ocean  currents  flowing  from  east  to  west  (which  would  retain  larvae 
in  the  western  tropleul  Pacific  or  curry  them  wostwurd). 


Distributional  Discontinuities  of  Some  Genera 

Although  the  tutul  number  of  genera  and  subgenera  generally  decreases 
from  west  to  east,  the  geographic  distributions  of  purticulur  generu  are  commonly 
discontinuous.  Previous  distributional  discontinuities  of  reef  corals  were  reported 
for  certain  coral  genera  among  atolls  of  the  Line  Islands  by  Maragos  ( 1^74), 

The  Phoenix  and  Line  Islands  are  relatively  close  to  one  another  and 
exhibit  similar  generic  diversities  for  corals,  but  the  similarities  are  obscured 
because  a number  of  the  genera  arc  not  common  to  both  regions.  Future  Inten- 
sified field  surveys  may  result  in  the  discovery  of  some  of  the  missing  or  rare 
genera  but  will  not  explain  why  some  genera  approach  dominance  at  one 
locality,  yet  are  insignificant  at  the  other.  For  example,  the  genera  Stylo/tlmm, 
/Vc.v/u.vmw,  and  Mvnilina  are  very  common  at  Funning  Atoll  (Line  Islands) 
luit  arc  not  reported  at  Canton.  Also,  a dominant  genus,  Astrvoponi,  at  Fanning 
was  only  rarely  observed  at  Canton.  Conversely,  the  genera  Oonlastrva,  iiahmltro, 
and  lUhiunpom  are  abundant  on  Canton  but  absent  from  Funning. 

It  is  of  interest  to  note  that  some  of  these  genera  from  one  locality  occupy 
habitats  similar  to  those  genera  rale  or  absent  at  the  other  locality.  Fncrust- 
lug  patches  of  Mcmliiui  were  commonly  noted  growing  in  the  shade  under 
ledges  in  Funning  lagoon,  while  (Iuiiuim mv  assumed  a similar  form  in  similar 
environments  at  Canton,  Ramose  colonies  of  Stylnphnra  commonly  occupy 
shallow  lugoon  reef  flat  habitats  at  Fanning,  while  finely  ramose  Miltv/imv 
colonies  dominate  similar  environments  at  Canton. 

It  Is  also  interesting  in  note  that  an  analogous  form,  ramose  Puri  tvs 
\P.  ctmi/Hvssd),  is  generally  the  dominant  form  found  in  similar  environments 
In  Hawaii,  a low  diversity  area;  yd  no  species  of  ramose  Puritis  Inis  been 
reported  from  Canton  or  Funning,  which  have  much  higher  generic  diversities. 
However,  a ramose  species  of  Puriivs  </'  i nnirvwst)  occurs  commonly  in  Sumou. 
which  lies  adjacent  to  the  Phoenix  Islands  to  the  south.  I)r,  David  Stoddart 


( personal  communication)  lias  also  observed  similar  uppurent  distributional 
discontinuities  of  certain  corals  in  his  Pacific  coral  studies.  He  also  remarked 
on  the  presence  of  the  commonly  distributed  coral  Maulvim  areola  hi  in 
Honduras  and  Florida  and  its  absence  or  scarcity  nearby  at  Grand  Cayman  In 
the  Atlantic.  Stoddart  has  also  pointed  out  that  the  unonymous  review  (later 
attributed  to  Henry  Holland)  of  Darwin’s  ( 1842)  book  on  coral  reefs  dealt  in 
part  with  the  problem  of  the  presence  or  absence  of  coral  reefs  in  certain  ocean 
provinces. 

The  observed  distributional  discontinuities  do  not  appear  to  be  confined 
to  corals  of  certain  forms  or  taxonomic  types.  Otherwise,  it  could  be 
concluded  that  these  corals  might  show  reduced  larval  dispersal  potential  and 
have  colonized  only  some  of  the  islands  within  specific  coral  ocean  provinces. 

Geographic  isolation  barriers,  including  large  distances  between  adjacent 
islands,  may  inhibit  the  effective  dispersal  of  many  corals.  Thus  the  sequence 
of  species  and  genera  that  are  successfully  established  over  given  time  intervals 
may  be  determined  by  chance.  If  colonization  rates  are  slow  and  incomplete 
for  corals  at  certain  isolated  islands,  then  the  process  may  be  reflected  as 
distributional  discontinuities  between  these  islands.  If  It  is  assumed  that  the 
colonization  process  has  occurred  continuously  during  the  long  tenure  of 
scleractinian  reef  corals  on  Imln-Pacil'ic  reefs,  then  it  would  seem  surprising 
that  the  discontinuities  should  still  persist.  Perhaps  colonization  and  elimination 
of  coral  species  and  genera  at  specific  islands  are  occurring  simultaneously  and 
at  a sufficiently  rapid  rate  to  explain  the  observed  distributional  discontinuities, * 
Perhaps  the  colonization  process  cannot  be  assumed  to  have  occurred  without 
interruption  over  long  geological  time  intervals  and  thut  periodic  events,  such 
as  the  ice  ages,  may  have  eliminated  forms,  requiring  a renewal  of  the  develop- 
mental colonization  of  coral  communities  at  specific  islands. 

Sea  level,  temperature,  and  other  factors  associated  with  the  late 
Pleistocene  ice  age  may  have  resulted  in  the  extinction  of  many  coral  genera 
and  species  at  Canton  so  that  recolonization  may  still  be  incomplete  due  to 
insufficient  time.  It  is  relevant  to  note  that  Smith  and  Jokiel  (this  report) 
postulate  that  the  present  Canton  lagoon  community  reefs  became  established 
since  the  last  glacial  recession,  Similarly,  Ladd  ( 1 1>73)  concluded  that  reel's 
above  a 7()>m  depth  on  atolls  in  the  Marshall  Islands  have  developed  since  the 
last  glacial  recession.  Newell  ( ll>72)ulso  believed  lhal  sonic  reels  have  evolved 
since  the  last  glacial  recession.  Thurber  fiat.  i l%5>  remarked  that  "A  hiatus 
in  the  development  of  coral  between  (>000  and  1 20.001)  years  ago  on  the  Pacific 


•MiuArtlim  unit  WiImiii  | I')ri7)  Innv  prniumsl  In, in  clnhninU'  Ilnur)  Unit  iiilnnl/tillnn  mid 
esllintloii  nl'  Island  <>I||iiiiImii  spi'cii's  uti‘  liumli'  |»iiiy»si'mi|'  Insulin  hlo|K‘<>('iu|'liy. 


Atoll  ol'  liniwetok  implies  tluil  conditions  did  not  permit  coral  growth  during 
this  period,"  Furthermore.  (ioreau  speculated  that  “Although  the 

geologic  record  indicates  reels  are  among  the  oldest  continually  existing  commu- 
nities on  earth,  there  is  considerable  evidence  that  the  modern  reefs  are  not 
stable  and  mature  communities,  but  are  undergoing  suceessional  changes  typical 
of  youthful  assemblages."  These  studies  may  support  the  contention  t hut 
environmental  conditions  during  glacial  epochs  may  be  disruptive  enough  to 
cause  (lie  local  extinction  of  certain  genera  which  may  not  reestablish  them 
selves  until  favorable  conditions  return  and  persist  long  enough  for  coral 
planulae  to  reach  and  colonize  the  island  reefs.  Analysis  of  the  paleontological 
histories  of  certain  species  of  corals  on  specific  reefs  may  help  resolve  the  causes 
for  the  discontinuous  distribution  of  corals. 


Homogeneity  of  the  Indian  and  Pacific  Ocean  Coral  Faunas 

Koscn  1 1 *>7 1 ) recently  classified  Indo-Pucific  reef  coral  genera  and  sub- 
genera  on  the  basis  of  the  frequency  of  which  they  have  been  reported  on 
islands  in  the  Indian  Ocean.  Class  I genera  are  those  occurring  in  more  than  50'v 
of  the  observed  localities;  Class  I!  genera  are  found  at  25-50'/*  of  the  localities; 

( lass  III  genera  are  found  at  less  than  25'V  of  the  localities.  The  Phoenix  Islands 
are  far  removed  from  the  Indian  Ocean  hut  are  well  within  the  Indo-Pucific 
Hiogeographie  Province,  so  il  is  of  interest  to  apply  this  scheme  to  the  genera 
reported  in  the  Phoenix  Islands  in  order  lo  estimate  the  level  of  homogeneity 
bet  wen  the  two  regions  within  the  Province. 

Of  the  12  Class  I genera  listed  by  Koscn  iAcroftorti,  l‘ndllu/xmi,  ftirltvs, 
l''ti\iics,  Mniiil/mru,  hivniui,  (Idht.wa,  Mutyxyru,  I'uitfdu,  ('ych.wris,  and 
Stvln/ilinhi),  at  least  nine  (75'/;  I have  been  reported  in  the  Phoenix  Islands,  Of 
the  25  Class  II  genera  listed  by  Koscn,  at  least  20  (HO'? ) have  now  been  observed 
in  the  Phoenix  Islands:  Class  II  genera  not  reported  are  Ooti/o/mw,  Scrl<ttoi>ora, 
Uwn/tnni.  \(iinili(islivo.  and  Svin/ilivlliu  Of  the  40  class  III  genera  listed  by 
Koscn.  only  nine  (25';»  have  been  reported  in  tin’  Phoenix  Islands.  The  genera 
reported  are  hvmxvrd.  i.SYm/n/cul.  [Stcplhiiuirhi),  I'udtilHit  ill,  lAlilnofihyUid , 
lldlniniim . hinilhilnmitiv,  Auiirh  h'lhi,  nw^Al^ciHlocnlmmuisnwd).  The  discovery 
of  tlie  stinging  bubble  coral,  I’lcninyrti,  a!  Canton  Is  particularly  significant, 
because  its  known  geographic  distribution  has  now  been  extended  1000  km 
northeastward.  Thus,  the  majority  of  the  genera  found  in  the  Phoenix  Islands 
may  be  considered  common  (Class  I,  II)  while  the  "missing"  gcncru  are  predomi- 
nantly rare  types  (Class  Mil,  It  is  of  interest  to  note  that  several  of  the  Class  I 
and  II  genera  not  reported  in  the  Phoenix  Islands  are  present  on  adjacent  Island 
groups  in  Hie  Central  Pacific;  some  may  eventually  be  reported  after  more 
extensive  surreys  in  deep  water  are  conducted  at  Canton  and  elsewhere. 


os 


These  comparisons  tend  lo  siibstantialc  Wells  ( l ‘>54  > uml  Rosen's  ( I <n|  ) 
claims  that  the  reel' coral  fauna  ol' the  Indo-I’acific  is  relatively  homogenous. 
Most  of  the  widespread  Indian  Ocean  genera  were  also  reported  at  Canton, 
while  most  of  the  rarer  Indian  Ocean  genera  were  absent,  Thus  the  observed 
reduction  of  generic  diversity  of  the  I'hocnix  Islands  compared  to  more  western 
localities  is  principally  the  result  of  the  suppression  of  genera  with  relatively 
restricted  distributions.  These  genera  may  be  prevented  from  colonizing  areas 
further  eastward  because  of  temperature  limitations,  short  duration  of  larval 
stages  relative  to  dispersal  times  established  by  ocean  currents,  or  other  factors, 
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ABSTRACT 


Although  undoubtedly  of  great  importance  as  reef-formers,  corals  occupy 
only  u few  percent  of  the  total  bottom  urea  at  Cunton  Atoll.  Distribution  and 
abundance  of  the  77  reported  species  of  reef  corals  at  Cunton  appear  to  be 
controlled  lurgely  by  biologicul  interactions  (that  Is,  competition  for  spuce)  at 
intermediate  depths  on  the  ocean  reef  slope  and  lurgely  by  physical  fuctors 
(increased  salinity,  sedinientution,  and  turbidity;  decreased  water  motion;  and 
possibly  uvuiluble  nutrients)  in  the  lagoon.  Coral  coverage  und  number  of 
species  present  In  the  lagoon  decrease  with  increasing  dlstunce  from  the  single 
pussuge  where  lugoon  water  exchanges  with  the  open  oeeun, 

Canton  Is  geographically  isolated  from  utolls  huving  extensive  lugoon 
systems.  Furthermore,  exchange  of  lugoon  water  with  the  open  ocean  is 
confined  to  one  pussuge  along  the  atoll  rim.  Consequently,  the  lugoon  fuunu 
lucks  "exclusively  lugoon"  species  of  corals.  Apparently  the  lugoon  reefs  have 
been  colonized  by  u few  of  the  abundant  ocean-reef  species. 

Widespread  Indo-Puclfic  species  belonging  to  the  generu  Poclllopura, 

A vi'opnrci,  Monilpum,  and  Mlllenoni  account  for  much  of  the  corul  eoveruge  In 
udditlon,  severul  species  uncommon  elsewhere  (Including  Hydnophora  rtgida 
und  llulomltni  pllllipplneiisis)  account  for  an  unuxuuMy  lurge  portion  of  the 
totul  coverage  in  some  habitats,  An  abundance  of  funglid  species  (eight  generu 
und  subgeneru)  is  one  of  the  most  striking  und  unusual  features  of  the  corul 
fuunu,  along  with  an  extensive  lugoon  line  reef  system  dominated  by  Mtllcporu. 
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INTRODUCTION 


The  physiography  of  Canton  Atoll,  with  Its  large  enclosed  lagoon  water 
muss  connected  to  the  ocean  by  only  one  passage  (Henderson  vt  al. , this 
report),  results  in  the  formation  of  a strong  environmental  gradient  ranging  from 
the  clear,  turbulent  open  ocean  to  the  calm,  hlgh-salinlty,  silt-laden  waters  of  the 
buck  lugoon,  The  observed  biogeochemical  gradients  in  the  water  column  (Smith 
and  Jokiel,  this  report),  gradients  in  fish  fauna  (Grovhoug  and  Henderson,  this 
report),  gradients  in  mieromollusk  distribution  (Kay,  this  report),  as  well  us 
other  biologlcul  gradients,  are  reflected  (and  to  u lurge  extent  determined)  by 
the  coral  fuunu.  The  reef  corals  are  very  conspicuous  members  of  this  ecosystem, 
and  they  have  pluyed  an  important  structural  role  In  the  formation  und  mainte- 
nance of  the  atoll  us  a persistent  geological  feature.  The  interaction  of  the  eorul 
species  present  at  Canton  (Marugosaml  Jokiel,  this  report)  with  the  strong 
gradients  of  physlcul  and  chemical  factors  has  resulted  in  a unique  and  previ- 
ously undeserlbod  coral  community.  The  purpose  of  this  study  was  to  describe 
the  diversity  und  abundance  of  living  reef  corals  In  vurlous  environments  at 
Canton  Atoll  and  to  Identify,  insofar  us  possible,  the  factors  controlling  these 
distributions, 


METHODS 


The  extensive  area  of  the  atoll  (approximately  50  km3 ) made  It 
necessury  to  employ  qualitative  sampling  techniques  to  assess  the  overall 
distribution  of  eoruls,  followed  by  detailed  quantitative  unulysis  of  representative 
areas.  Study  locutions  are  shown  In  Fig,  2b. 


Approximately  200  man-hours  of  field  observations  were  devoted  to  the 
qualitative  appruisul.  This  portion  of  the  survey  Included  making  intensive 
scuba  and  snorkel  dives  throughout  the  lagoon  and  leeward  ocean  reefs,  making 
observations  from  u glass-bottom  boat,  viewing  the  reefs  with  look-boxes  from 
skiffs,  making  aerial  observations  from  a low-flying  helicopter,  examining  aerial 
photographs  (recent  to  pre-World  War  II,  on  file  at  Bishop  Museum),  and 
consulting  with  members  of  the  local  Canton  Diving  Club,  During  the  qualitative 
survey,  notes  were  taken  on  the  condition  of  the  reefs,  Also,  sumples  of  the 
various  coral  species  encountered  were  collected  for  later  taxonomic  identifi- 
cation (Maragos  and  Jokiel,  this  report). 

The  quantitative  survey  was  divided  Into  two  discrete  studies:  (I ) an  atoll- 
wide survey  covering  all  types  of  reef  environments  and  (2)  a detailed  study  of 
structurally  similar  patch  reefs  In  line  with  the  main  channel  at  various  distances 
from  the  lagoon  entrance.  The  utoll-wide  survey  was  designed  to  include  all  the 
various  reef  environments;  the  more  detailed  study  of  patch  reefs  was  Intended 
to  examine  relationships  between  coral  distribution  and  physical  factors, 
exclusive  of  the  complicating  effects  of  differing  reef  morphology, 

The  atoll-wide  survey  was  carried  out  by  contiguous  quadrat  transects 
across  representative  reefs  throughout  the  region.  A l-mJ  quudrut  frame 
divided  into  100  equal  squures  was  laid  on  the  bottom  and  used  to  estimate 
areal  coverage  by  each  species  of  coral  to  the  nearest  square  decimeter  (one- 
hundredth  of  a frame).  The  lower  limit  of  measurement  for  the  quadrat  so  used 
is  I dm1 , or  one  subdivision  of  the  frame,  ('orals  occupying  less  than  hull'  of  a 
grid  square  were  not  counted,  hut  individual  colonies  were  generally  sufficiently 
large  so  that  such  u procedure  apparently  did  not  underestimate  the  area  of 
significant  species.  If  Individual  coral  heuds  had  been  smaller,  the  technique 
could  have  been  adapted  to  allow  estimates  of  fractions  of  squure  decimeters, 

In  general,  each  transect  extended  from  the  deeper  limit  of  coral  coverage  on  a 
reef  structure  to  shallow  water.  The  transect  data  were  grouped  Into  1 .15 
samples,  each  consisting  of  l ive  contiguous  quadrats,  for  a total  of  07,500  bits 
of  Information  for  later  analysis, 

Only  subtldul  areas  of  hard  suhstrata  (including  rubble)  sultublc  for  coral 
colonization  were  sampled,  Regions  of  sand  and  mud  were  practically  devoid  of 
corals  and  were  not  sampled.  Ustimatcs  of  percent  coverage  of  lagoon  bottom 
consisting  of  hard  versus  soft  substratum  were  made  using  survey  data,  charts, 
und  aerial  photographs. 

Field  identification  to  species  level  for  the  common  corals  was  not  difficult 
except  for  members  of  t he  protean  genus  hn-illufumi.  As  an  operational 
necessity,  the  myriad  species  and  vutWHks  of  1‘nt  lllo/xmi  were  subdivided  Into 
two  readily  discernible  groups:  finely  branched  varieties  (/'onV/o/mi  / Jumit  urtiiK 
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and  Inimemnorphs)  and  coarsely  Inane  lied  Varieties  (PoviUoftnra  imwiUriim  mid  -( 

homeomorphs).  Septal  structure  cannot  be  discerned  underwater,  placing 
PmiHn/tnrn  cuhm.xi  into  the  l‘.  nnwmhina  croup. 

Many  of  the  species  and  their  intergrading  *'rowth  forms  in  this  genus  seem 
to  he  present  at  Can'on.  Luge  areas  of  hidllu/mni  could  not  he  identified 

underwater  in  a reasonable  time  and  (even  if  successful)  probably  would  have  j 

little  biological  meaning  due  to  the  present  taxonomic  confusion  of  the  group.  s 

As  pointed  out  by  Vaughan  ( l‘J07.  I *>  1 K)  and  Crossland  ( I ‘>52).  specimens  of 

numerous  species  of  this  genus  can  hr  found  forming  an  unbroken  intergrading 

series  which  might  represent  growth  forms  of  one  or  only  a few  true  biological 

species.  Il  was  therefore  difficult  lojiislily  any  other  field  identification 

procedure.  ()nl\  a few  readily  discernible  species  of. lao/ioni  I’nrilcx.  and 

Moiili/xiiii  were  common  at  ( anion,  thus  eliminating  the  potential  taxonomic 

problems  presented  by  these  diverse  genera  and  simplifying  sampling  problems. 

During  the  course  of  the  lagoon  survey,  it  became  apparent  that  a strong 
gradient  in  coral  ('over  (from  about  50';  to  O';  in  3 km ) exists  along  the  main 
ship  channel.  This  area  was  therefore  chosen  for  a more  detailed  study.  Two 
ship  navigation  range  markers  were  chosen  for  the  alignment  of  eight  transect 
stations  that  constituted  the  "range  transect"  ting.  27),  Station  I was  located 
at  the  edge  of  the  shallow  reef  flat  on  the  noi  theastern  lagoon  side  of  the 

atoll  rim.  The  other  seven  stations  were  located  on  patch  reefs  selected  to  be  us  I 

similar  to  one  another  as  possible  in  size  and  morphology,  thus  minimizing  1 

biological  differences  due  to  specific  reef  morphology.  Most  of  these  patch  reef  | 

structures  exhibit  the  basic  shape  of  a truncated  cone:  steep  sides  and  Hat  <] 

circular  Ions  which  are  1 0-20  m across  and  which  reach  to  within  0.5  to  1 .0  m 1 

of  tiie  surface  at  low  tide.  j 
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Sediment  quantity  and  quality  vuried  along  the  transect  and  appeared  to 
he  important  environmental  parameters.  At  each  station,  divers  collected 
sediment  samples  from  various  depths  for  later  analysis.  Muximum  depth  of 
living  coral  coverage,  corul  genera  present  on  the  patch  reef,  and  muximum 
depth  of  the  surrounding  urea  were  also  recorded,  The  patch  reefs  selected 
were  small  enough  to  allow  sumpling  across  virtually  the  entire  extent  of  living 
coral  (hard  substrata)  by  u point-line  method.  Coral  coveruge  was  estimated 
by  point-sampling  along  a 21-m  line  marked  with  leud  weights  ut  0.5-m 
intervals.  The  lines  were  luid  across  the  reef  top  und  down  the  slope  to  the 
edge  of  the  living  corul  zone.  This  process  was  repeuted  ut  least  six  times  at  each 
station  (252  points),  giving  good  spatial  sumpling  of  the  entire  patch  reef, 

Size  unulyres  of  the  sediment  were  carried  out  according  to  stundurd  settling 
techniques  (Folk,  llJ74).  Percent  aragonite  und  percent  magnesium  in  culcite 
were  determined  by  x-ray  diffructlon  by  means  of  calibration  curves  from 
Smith  (1970). 


QUALITATIVE  ANALYSIS 


During  qualitative  appraisal  of  the  atoll  (Henderson  c7  al , this  report ),  lour 
major  inlergruding  lagoon  biotic  provinces  were  recognized;  the  present  anulysis 
include-,  u fifth  province,  the  leeward  ocean  reef  in  the  vicinity  of  the  puss 
(Frontispiece).  This  zonation  scheme  is  based  on  the  variety  of  information 
available,  including  assessment  of  the  macrobiotic  und  physioehemieul  data. 

Our  subjective  impression  of  these  zones  with  respect  to  corals  is  as  follows: 


Leeward  Ocean  Reel  Zone 

(Western  and  Southwestern  Margin  of  Atoll) 

The  leeward  and  windward  ocean  reef  Hals  are  devoid  of  coral,  except  for 
a few  stunted  colonies  o (MilU'pora,  Pnritcs.  atul  PihHI< i/mtu.  mostly  near 
the  reel'  murgin.  Areal  cor  d coverage  was  judged  to  be  less  than  0.1'"  on  the  reef 
Huts,  by  contrast,  coverage  alone  the  reef  slope  is  high  (approximately  50' ' ) to 
a depth  of  M)  m.  below  which  depth  the  cover  decreases.  A large  number  of  coral 
species  were  einouutered  along  the  slope;  Acm/xitu  fummsa,  MtUc/mra 
l>l;iiy/>h  vlla,  Po<  illopnrti  spp.,  Perth's  spp,,  f-urld  xhiligvru.  Hah>mltru  phllip 
, and  iVm/i/i/kw  spp.  accounted  tor  most  of  the  cover.  The  physical 
environment  In  the  region  is  apparently  favorable  for  the  development  of  a rich 
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coral  fauna,  Water  clarity  is  high,  water  motion  and  circulation  strong,  sedi- 
mentation rate  low;  and  suitable  hard  substratum  is  available  for  coral  settlement. 


Pass  Zone 

This  zone  consists  of  the  lagoon  area  within  2 km  of  the  inlet  and  is 
characterized  by  coral  knolls,  pinnacles,  and  patch  reefs  which  rise  from  the 
relatively  shallow  (5-15  m)  lagoon  floor.  Except  during  slack  tide,  the  reefs 
near  the  puss  are  subjected  to  strong  and  reversing  currents  of  up  to  several 
meters  per  second;  the  currents  are  generated  by  tidal  exchunge  between  the 
occun  and  the  enclosed  lagoon.  The  floor  of  the  main  chunnel  consists  of 
current-scoured  cobble  and  little  living  coral.  Farther  inside  the  puss,  water 
motion  prevents  the  buildup  of  fine  sediments  on  available  hard  substrata,  but 
| not  the  accumulation  of  shifting  sand  on  the  lagoon  floor.  Many  coral  species 

ure  present;  A cropora  foriuosu , Poclllopora  spp,,  Hydnophoru  rig  Ida,  und 
I Mltlepora  plutyphylla  account  for  most  of  the  coral  cover.  One  of  the  most 

, striking  aspects  for  the  corul  community  is  the  abundance  of  Fungiidae,  includ- 

| ing  four  species  of  Fungta  (mostly  Fungta  ( Verrtllojungta ) conetnna), 

Hvrpolltitu  Umax,  und  Hahrnlm  phUippinvnsts,  A specimen  of  the  corul 
Podabaela  hus  also  been  collected  In  this  region  of  the  lugoon  (Wells,  personal 
communication).  Areus  neur  the  pass  dredged  35  yeurs  before  this  survey 
(for  example,  the  turning  basin)  have  become  reeolonlzed  by  corals  (mostly 
Poetllopora),  By  contrust,  lugoon  ureas  farther  from  the  puss  (the  dredged  sea- 
plane runways)  do  not  show  signs  of  recovery.  The  Pass  Zone  includes  the 
two  most  beautiful  und  diverse  lugoon  reel's,  known  locally  us  Corul  Gurdcns 
und  Thornet  Reel' (Frontispiece). 


Altered  Zone 

The  northwest  portion  of  the  lugoon  Is  an  enigma.  Although  cluttered 
with  reef  structures,  the  urea  has  little  living  coral.  The  demise  of  the  coral  Is 
probuhly  related  to  the  relutlvely  recent  closing  of  the  three  northern  pusses 
upproximutely  35  yeurs  before  this  investigation  (Henderson  i7  at. , this  report). 
Presently,  water  exchange  in  the  region  Is  sluggish,  Deposits  of  fine  calcareous 
sediment  ure  uppurently  being  generated  but  not  removed,  resulting  in  very 
turbid  water  and  accumulations  of  calcareous  mud  on  all  surfaces.  On  shullow 
pulch  reefs,  water  motion  induced  by  wind  chop  keeps  some  ureas  clear  of 
sediment,  In  depths  shallower  thun  1-2  m,  there  Is  u mixed  community  of 
xcdiment-tolerunt  species,  including  Montlpora  verrucosa,  Montlporu  tuber - 
ettlosa.  Acmpnra  jhrnum.  Poetllopora  dam  leornts,  (ioniastra  pcctinata,  Fa  via 
specinsa,  and  Forties  In  tea.  In  general,  however,  the  area  no  longer  appears 
suitable  for  coral  reef  development. 
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Line  Reef  Zone 

Most  of  the  centrul  lagoon  is  characterized  by  linear  reel'  formations 
dominated  by  highly  brunchod  Mlllv/mra  iilutyphytki.  On  the  line  reels,  the 
MilU'pora  fits  Morton's  ( 1074)  growth  Ibr.n  classification  "Mtllt'pnru  I (.'orals 
ure  present  only  on  the  shallow  crests  of  the  reefs.  Little  or  no  corul  Is  found 
below  depths  of  2-3  m.  In  the  deeper  water  between  the  line  reefs,  the  luck 
of  wuter  motion  and  the  constant  deposition  of  sediments  apparently  prevent 
corul  colonization  and  growth.  On  the  shallow  reef  Huts,  water  motion  is 
enhanced  by  small  wind-driven  wuvesand  tide-induced  currents  which  How 
over  the  dum-like  line  reefs,  This  wuter  motion  probubly  promotes  the  develop- 
ment of  fairly  high  coral  coverage  localized  on  the  line  reef  shullows. 


Back  Lagoon  Zone 

The  southeast  portion  of  the  lagoon  and  the  intertidal  Huts  along  the  north 
und  south  margins  of  the  lugoon  ure  typified  by  extensive  deposits  of  curbonute 
mud  und  by  a general  luck  of  reef  structures.  Living  corals  ure  present  but  are 
quite  rare:  coverage  Is  low  (less  than  0. 1 ),  The  corul  luunu  consists  ol  heads  of 
Pavia  spvvlosa,  (Inttlaxtmt  pwilnaia,  Part  tvs  luivu,  I 'avia  stvlllttvm , hivllhtponi 
dumhoruls,  und  Mltlv/xmi  /ilutyphyllu. 

One  of  the  most  conspicuous  features  of  the  lugoon  corul  community  is 
thut  the  muxlmum  depth  where  living  corals  arc  found  decreases  with  Increasing 
distance  from  the  puss,  Near  the  puss,  living  corul  cun  he  found  to  the  muxlmum 
depth  of  the  lugoon.  In  the  Line  Reef,  Altered,  and  Buck  Lugoon  Zones  corul 
growth  is  generally  restricted  to  depths  of  less  than  2-3  m. 


QUANTITATIVE  ANALYSIS 


Atoll-Wide  Survey 

Similarity  indices  (/)  were  computed  for  all  sample  pairs  by  using  a quanti- 
tative modification  (Motyka  vtal.,  l*)5())of  the  Sorensen  Similarity  Index 
(Sorensen.  this  modification  is  described  by  t ho  formula: 


I = 


-Mi 


(13) 


k 


where  Mg  is  the  sum  of  the  smaller  abundance  values  of  each  species  encountered 
in  the  sample  pair  AB\  M^  is  the  sum  of  the  abundance  values  of  each  species  In 
sumple  A ; and  Mg  is  the  sum  of  the  ubunduncc  values  of  cuch  species  in  sample  B. 

The  resulting  similarity  matrix  Is  reduced  (after  the  technique  of 
MeCummon,  1 968;  McCummon  und  Wenninger,  1970)  to  the  dendrogruph 
shown  us  Fig.  2H.  The  distunce  between  any  two  udjucent  samples  on  the  horl> 
zontul  axis  of  the  dendrogruph  is  proport Ionul  to  their  dissimilarity.  Similarity 
within  groups  or  clusters  is  represented  as  distance  along  the  vcrtlcul  scale, 

Major  clusters  corresponding  io  four  of  the  zones  previously  described  are 
apparent  und  are  indicated  on  the  figure. 
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The  number  of  coral  species  encountered  per  sample  and  the  ooveruge  by 
living  coral  are  plotted  in  Fig.  2d  and  30,  respectively,  against  distance  from  the 
lagoon  pass.  Samples  tuken  outside  of  the  lagoon  on  the  leewurd  ocean  reel' are 
assigned  a distance  of  0,  because  they  represent  an  environment  free  from  any 
lagoon  effect  and  serve  as  the  baseline  for  comparison  with  the  lagoon. 
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Results  of  the  similarity  analysis  support  the  validity  ol  the  previously 
established  i|iialilalive  zonal  ion  (Frontispiece  I and  justify  the  discussion  of 
coral  abundance  according  to  /one.  Percent  covet  and  frequency  of  occurrence 
In  each  S-nr  sample  Iron)  each  /one  are  presented  in  Tables  10-14.  Based  on 


I h'tiiv  KvI.iHnnihip  Ih'Ihi'imi 
iiii.il  \ tivciiiw'i'  iiitd  tli%i.iiut*  lioin 
|‘||W  t(M  .ill  « Il’iMIt  tllltl  hlpuiill 
s.iini'li*'* 


Ttiblo  10.  Octan  roul'  ilopu  wmplot  (20  aULluni). 


Sptcki 


Ptrctni 

covonuio 


Hocllloitora  meandrlna  ami  homeumotplii 

3,8 

Monlipora  vmllll 

4.8 

Mtltrpora  pltlyphylla 

4.2 

Halumlira  /ihlllpiiliwntl/ 

4.1 

h'avla  ilelligyra 

4.1 

h'clihiopon  knwllou 

3.7 

I'aivna  variant 

3.0 

l.vpiaun-a  pur/iurra 

2.0 

rlrrofton  Jbnnom 

2.6 

hirliet  In  ha  w 

1.6 

llydnopluira  ripida 

1.2 

1‘avona  < lam 

1.2 

Malygyra  tinnitii 

0.8 

hint  la  1 him  trial  lUngllt’t 

0.8 

Hydimpliora  mkrutvim 

0.6 

1‘laiyt.vn  lamvllina 

0.6 

h'avta  /lalllda 

0.6 

hiinpla  /Dana] initial  vallda 

0.3 

Monilpnra  tmkills 

0.3 

/‘unmirnra  ivnlltua 

0.4 

l.i'piimm  inyiviirn'riihJi  i 

0.4 

Munii/xim  luhrrtuhm 

0.4 

himtki  iPieunelltl  /winm/rnth 

0.3 

linmama  pcctuidia 

0.2 

1‘aralialoniiira  rolmsia 

0,2 

Ikr/Hdiiliii  limax 

0 2 

Airo/mra  humiln 

0 2 

Airu/niru  rt  lh  ulaia 

0.2 

Nvnna  titanha 

0,1 

haviln  tthdila 

0 1 

CvpiiaUtva  srrailu 

0 1 

I'avnnu  lh,  itdm  <ilumna\itdiai  imltn  ald 

0.1 

hiruc j In  In  n 

0 1 

Atari! ii’llo  inmdftnu) 

0.1 

/•mmitora  ( Vlftunrnti  pro/undaiiilu 

0 1 

l.idni/dn/liu  miiaia 

0.04 

Ihaniniimira  iSlipliunaruil  Uillala 

0 02 

Slylatti-r  I'li  tant 

o.o2 

/■in  'lift  iirniatmij 

0.02 

l aud  v/ii'imw 

0.02 

hmli'*  pukiH'iisit 

0.02 

I'urihx  hrithann 

o.oo  i 

■1  urn  ifH  ira  nivrit  i/ihlhalnu 

0 001 

■Irm/mni  luli/vra 

0.001 

hhiniiplitllia  aunra 

0.18)1 

hnih's  tiifiir/MW 

0 00 1 

I'roqumcy  of 
uccurrenco 


O.BJ 

0.70 

0.35 

0.60 

0.83 

0.80 

O.SH) 

0.73 

0.60 

0.43 

0.40 

0.30 

0.33 
0.40 
0.40 
0.40 
0,33 
0.23 
0.33 
U.40 
0.33 
(1, 1 3 
0.40 
0.30 
0.13 
0.33 
0.10 
0.13 
0.20 
0.13 
0.10 
0.40 
0 03 
0,15 
IMS 

0,13 

o.|o 

0.03 

0.05 

0.05 

0,05 

003 

0.05 

0.05 

0.03 

0.05 


I.il'li'  II  I'li'-s  /mu1  vmipK'N  1 52  iliillHihl. 


IViivni 

1 UH|U0l1O  Hi 

K|tCvlw'!l 

llIVl'Illl'.l' 

ouurii'iKO 

1.  •■•/»«  1#-|#  (•■I'lliUMI 

■14 

(1,15 

/‘••i  i/hi/iiiiii  iih iiin/tiiiii  mill  1)1  Hin-I >nt< It |||| S 

4.7 

0.56 

// i i/in  >/»/n  >i«»  nun/ii 

3.4 

11-27 

\lllh  Ihilil  jlhlll  /ill vlhl 

II 

0.37 

llilhnnilhi  />/ii/i/if>M<i|\o 

ll. H 

11.4(1 

t itllUhl  1 1 1 1 nllnlti inliii  ' ■ mu  iiiii.i 

H.7 

11.44 

/‘m  ihimnnnm  mil  limiioixtiiuplis 

ll  6 

0.46 

1 i /llllll/it >l|l  hlllli  lliHil 

ll.fi 

(111 

\liniiii’iii\i  ii  'iilh 

11,5 

nil 

1‘iluniii  /l/i/ilul/il 

n.5 

(1.25 

WiiiiIi/miiiI  l||/>rlin/nw 

Ii.. 1 

(U7 

1 MiiihlWiiW  /'i  i HililM 

Ii.  .1 

0.14 

1 ill  hi  i/'i  i (mil 

ii..' 

11.34 

1 . /'/iM/li.l  />lll/l/llnl 

ill 

li  II 

Wi"i///imii/  i , mu  in,/ 

Ii.  1 

II.II4 

1 1 iii/ii Hi/  i'  I iiiv'm/ri 

HI 

Ii.(l4 

1 in  iii  Hi  //ii'i  iii 

ii  1 

II  III 

/'■  n/lri  /ill.  il 

ll. 1 

ii  113 

l/"'/il/iil  //mill 

ll  1 

*1.118 

/'..'iniiii  iiiiii.-m 

II 04 

11.116 

( i lilhnli 1 1 1 ii  i.ii/lii 

ii  n4 

H.II4 

cilli/nlul 

ii.  ii’ 

<I.U4 

1 i'i/iii  i.  //,i  /ii  ilii/rnnil 

ii  n.' 

U.II4 

.*/  l i/llll/'/li  ll..  Il/ll  IHl  lllllll 

n li.' 

imi4 

1 i lil/'l  Hi,  ll  III  ll/ll/ll 

IIH.' 

ii  n3 

1 ,i  hi  v 

Mi.  ii’tl  /.MU1  viinpk  s 

\ \ sl.i  t ll  HI  «•  | 

I'l  l i i»ni 

1 ivi|mni  \ 

S|n< 

Ii’n 

< i>\ ri 

in  t in  i I'm 

\h>  /- 

•i  •»..  . 1 » *<*  * •»(. 

1 4 

ii  w 

I.i.  #. 

•i '-ii  hi,  i i,/ 

i : 

n i h 

« 

»/*•*•  f>.  . Int.ilj 

i i 

n S 1 

/■  ■.  ///• 

././»»»/!  « ••  HI 

* .Hut  li< ■ nm ■ mi* *i  pits 

n * 

II  S s 

1 '•  / 

••  . • •••/i1.  *i: 

H " 

u n»» 

/ . . 

11  ' 

n si 

r .... 

■ i /- 

il  \ 

ii  1.' 

i • ; « i 

!•  i.  '■ 

'1 

n : 1 

1 . /i"* 

»»./  (.;»»■  //.»%.; 

H 1 

(i  il» 

/ /»'/»•'■ 

1 i 1 .'i'/. 

■ 1 ;/ 

ll  1 

<01 

l ■<■.. 

< * 

li  H.| 

II  lift 

H ... 

-.1  •*:..■ 

ll  i >-l 

(lilt 

\*  . 

-»*■  ' 1* 

1 1 ll.' 

li  II  \ 

It 

... 

Ill  i ’ 

(1 II  \ 

Tut'lo  13  Line  Keel  /mie  sumplei  1 30  slu Hull'll. 


Spectei 

I’eicuni 

cuveru|lc 

l (0|'ICIIlS  III' 

occurrence 

Milh'imra  /i/ii/iyi/i,W/<i 

10.1 

0,7.1 

hirih't  liiii'ii 

1.4 

0.33 

(iiiuusii'i'o  /ifri nun, i 

0.} 

0.13 

/•'ll I'ill  .'/il  l Ill'll 

II.  1 

0.17 

/•'iirii/  Hflluhni 

«).*vt 

U.03 

ll'uiiiiiiiniini  tSli'i'litiiuiriu)  \i,'lt,n,i 

0 ll| 

11.07 

/'m  i//n/iniii  ,1,11111,  hi  in\  uinl  lt"iue"iiinr|ill* 

0 III 

H.H7 

Wllll/l/KlTil  lull,  i',  ii Ins, 1 

n.nl 

o 03 

I r/i/lil.'ftvil  ii mi/i'ii 

li.m  ii. 

n.ll.l 

Mnillliniiil  ittthiihiI 

II.IIHI' 

0.03 

/•.i/ilini/inie  1, in, ,11, is, i 

II. Ill  l(i 

11,03 

l ulilc  14.  Ver>  rare  specie*. 
l('nllecicil  ill  Ciiiiuiii  Mull  Inn  mil  louml 
In  iiuiiimiiitive  sample*.  I 


1 1 Tt  IfM  'III  I III 'll/ll 

I,  ln/>i>li/  /iu/itii, 'I I'll, I 
1 1 h i/n  mi  \nr , uli  i.w 

Iriii/iuiii  li  nn  lullin' 

1 1 M/I.  Uil  . 1 III,  I in 

I.  M/miil  mini ii, w,. 

Ill, in,  s|> 

t inrllii/li/i ./  i tilniinii! 

Ill'll,  /in/iiilij  1 1.  .Alt . ii 

I ill  1.1  lil/llllWlil 

I li  lilt  III  i/’/riilUi  H'l  1,1,1,111,1 
I . I, hull,  , I lulu, i , i » I 

I I /.|.  n III  /i/ii  i l1  in 
I , p/ii'i  li'  'ni/ilii 

/‘.li  In  u rn  '/>n  n nil 

/‘I.  me  it, I 'linn  i'll 

/‘.ii i/n  1 1 ' /.in 
/‘wmiin.iiuii  niiT'liii'.T 
/iilM'litfr.l  i in  i in,. I 
I uihui*iii,i  m . e i i/.iti  i 
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I'.stlimites  oi'  urea  ml  percent  cum  I cover  are  summarized  In  Table  15. 
Areal  estimates  of  the  zones  were  calculated  from  mupsand  aerlul  photographs. 
Estimated  percent  coral  coverage  represents  the  mcun  of  all  samples  taken  in 
each  particular  zone.  The  stundard  errors  of  the  means  suggest  that  percent 
coverage  on  hurd  substrata  hus  probably  been  estimated  to  well  within  50'/?- of 
Its  true  value.  The  areal  estimates  for  each  zone  were  derived  from  the  hydro- 
graphic  chart  of  Canton  and  are  probably  more  reliable  than  the  percent 
cover  estimate, 

For  the  ocean  reel's,  most  of  the  living  reef  coral  was  assumed  to  occupy 
a band  100  m wide,  or  extending  from  the  edge  of  the  reef  Hat  to  a depth  of 
40  in,  Fstlmates  given  In  Table  15  are  probably  well  within  a factor  or  two  of 
the  listed  value, 

Living  coral  coverage  accounts  for  only  I to  2'T  of  the  total  lagoon  floor, 
Less  than  5N  of  the  total  bottom  coverage  (lagoon  plus  all  ocean  reefs  to  a 
depth  of  40  m)  is  living  coral,  Although  the  ocean  reef  slopes  occupy  less  than 
one-tenth  of  the  lagoon  area,  they  apparently  account  for  HO'V  of  the  living 
coral  on  the  atoll,  This  figure  may  be  somewhat  biased  by  ocean  reel  sampling 
being  limited  to  the  leeward  side  of  the  atoll, 


I'lihlv  15. 1 Mlmutetl  uHul  cmvniiu'  on  ('union  Aloll. 
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Estimates  of  totul  ureal  coverage  for  each  of  the  most  importunt  lagoon 
species  are  listed  In  Table  16.  In  the  lagoon,  /I  mt/mra  furinusa,  Mlllepora 
platyphylla,  Pocllhpnra  spp.,  and  Hydnophuru  rintda  account  for  over  60% 
of  tiie  living  corul  cover;  ull  are  highly  brunched  species  which  huve  u tissue 
surface  many  times  their  ureal  coveruge.  Another  20%'  Is  attributable  to 
Jlalomltra  phlllpplnensls,  Fun  a la  ( VerrllhjUngiu)  caiutnnu,  Erhinopum 
iamellosa,  Purlins  In  tea,  and  Gonlastrea  pectlnata. 


Tabla  16.  Total  coverage  by  dominant  lagoon  corals, 


Zont 

Special 

Total  eillinntad 
areal  coverage  (km1) 

Pan 

Aempora  t'urmom 

U.U9 

I'oclttapora  nwonUrlna  and  luimcomurphi 

0,07 

HyUnaphora  Utkin 

u.os 

Mlltr/iora  platyphylla 

0.02 

llalomltra  phlllpplnemlt 

0.02 

h'ungla  t Vnnlllojungta ) aiudmia 

0,01 

I’odllupura  Uamhvrnls  and  homeomorphi 

0.01 

kchhwpara  lanwllusu 

0.01 

All  other  ipeclei 

0.U6 

Altered 

Maiiti/xira  wnu'iim 

0.01 

Acropara  Jarnuw 

0.01 

(iontawva  peethuia 

0.01 

All  other  species 

0.03 

Line  Keel 

Mtllepora  plaiypltyllu 

0.10 

Partin  Itilca 

0.01 

All  other  species 

0.01 

lluck 

None 

- 

NOTI-: 

IXiiiilitaiil  Is  ilcllncd  iis  corals  sovctlng  at  leu*  I 0,01  km* 
Uipoon  urvu  Is  u|>pt«ixtinutvly  Mi  km1. 


The  Shannon-Weaver  diversity  index  (Shunnon  unci  Weaver,  I ‘>48)  was 
culculuted  from  coverage  dutu  for  eueh  sample  by  using  the  formula 


//«■  - 


,v 


I Pi  In  Pi 
/3  I 


where  Pi  is  the  proportion  ol  total  urea  coverage  of  species  / 1/3  1 , 2, . . . s) 
Diversity  is  plotted  against  distance  from  the  puss  in  fig.  31. 
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| Range  Transect  j 

1 s 

| The  range  transect  demonstrates  along  a single,  well-defined  axis  the 

i general  trends  observed  in  the  atoll-wide  survey,  Data  on  coral  coverage,  , 

| substratum  type,  und  wuter  chemistry  are  presented  In  Tables  17  through  1‘) 

[ und  Fig.  32,  The  condition  of  the  coral  reefs  deteriorates  with  distance  from 

i the  lugoon  puss,  Corul  coveruge  on  suitable  hard  substratum  (living  coral  zone), 

| us  well  us  number  of  coral  genera  present,  diminishes  with  dlstunee  from  the 

: puss  (Tuble  17),  This  decrease  in  total  corul  coveruge  with  distance  is  even 

f more  pronounced  than  Is  Immediately  suggested  by  Fig,  32,  beeuuse  the  I 

I‘  amount  of  uvuiluhle  hard  substratum  suitable  for  corul  growth  ulso  diminishes  J 

with  dlstunee  from  the  pass.  All  wuter  chemistry  parameters  undergo  obvious  1 

changes,  und  these  muy  Indicate  Increasingly  unfuvoruble  conditions  for  ! 

corul  growth  (Table  l()),  Inorganic  plant  nutrieiTts (especially  nltrute  und  ; 

phosphate)  und  specific  uikulinlty  decrease,  while  satin! ty  increases.  j 

Sediments  become  progressively  finer  with  both  distance  from  the  puss 
und  water  depth  (Fig,  32  und  Table  IS),  Two  mechanisms  of  sediment  dispersal 
: control  this  pattern:  tidul  currents  und  wind-induced  waves,  Sediment 

suspension  und  removul  is  effected  by  tidal  currents  that  are  greutest  neur  the 
puss  and  diminish  with  increasing  distance  from  this  region.  Wind-induced 
! waves  exert  their  maximum  Influence  at  the  sea  surface,  sweeping  fine  seel l- 

, incuts  from  the  shallow  ureas  into  deeper  water. 


Analysis  of  the  chemical  composition  of  the  sediments  (Tables  1 8 and  19) 
demonstrates  that  80-90%  of  the  sedimentary  material  Is  aragonite;  most  of 
this  probably  derived  from  coral  skeletons,  because  other  common  urugonltic 
organisms  (for  example,  mollusks  and  green  algae)  did  not  appear  sufficiently 
common  to  account  fora  significant  amount  of  this  material. 


Titbit  17.  Coral  and  tubilrata  uluiij  range  tranatcl. 


1 4.7  0 0 3 0 - - - 

2 4.3  3 1 3 I - X - - X ~ - • - X - 

1 3.S  8 23.0  3 1.3  X - X - X X X -XXX 

4 3.6  12  29,6  3 2 XXX-XXXX XX  XXX 

3 3.3  9 29,7  3 2 X X X - X X X - X ■ - X X 

6 2.9  12  43.2  3 2.3  X X X --  X X X X -----  X X ■ X X X 

7 2.2  13  34.6  10  10  XXXXXXX  X - X X X X X 

8 1.3  19  48.fi  10  10  XXXXXXXXXXXXXXXXXXX 


Tublti  IS.  Sadlmtnl  lompoalllon  ulony  range  tianaeei. 
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Tiiblo  19,  Water  quality  ulttnii  rait|te  nanu’cl, 
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DISCUSSION 


Similarity  Analysis  and  Dendrogruph 


The  dendrogruph  produced  from  Sorensen  Similarity  Indices  (rig.  2N) 
has  four  dusters  which  correspond  to  the  /.ones  identified  dtir.ng  the  qualltu- 
tlve  survey  (Frontispiece).  Cluster  1 consists  mainly  of  sumplcs  from  the  Line 
Keel'  Zone,  ulotig  with  u few  samples  from  shallow  locations  In  other  zones, 
Samples  In  this  cluster  are  characterized  hy  high  coverage  01  Milh  finia 
and  represent  physically  harsh  environments  with  high  water  motion 
and  extreme  levels  of  solar  radiation.  Many  of  the  samples  are  Irom  areas 
exposed  during  low  tide  and  subjected  to  altered  salinity  or  elevated  tempera- 
ture or  both,  Cluster  I may  be  subdivided  into  tsvo  suhelusters:  the  f mailer 
subeluster  represents  a mixed  Mllh'imra-Portn's  association  found  lit  the  Line 
Keel'  Zone,  near  the  back  lagoon;  the  larget  cluster  consists  of  samples  domi- 
nated by  Mlllv/umi  alone.  Most  of  the  shallow  samples  (depth  less  than  (>  m) 
from  the  Leeward  Ocean  Keel'  Zone  are  in  Cluster  I. 

Cluster  II  consists  almost  entirely  of  samples  from  the  Altered  Zone 
These  samples  are  characterized  by  low  coverage  with  various  species  of 
sediment-resistant  corals,  none  of  which  is  clearly  dominant. 

Cluster  III  consists  almost  entirely  of  samples  from  the  1 eeward  Ocean 
Keel'  Zone,  but  the  cluster  also  Includes  a few  of  the  richest  Pass  Zone  samples 
, ;om  Coral  Cardens.  All  samples  in  this  group  are  characterized  by  high  coverage 
and  high  diversity. 


('luster  IV  consists  of  Pass  Zone  samples,  along  with  a few  of  the  Leeward 
Ocean  Reef  Zone  samples  with  low  coverage  and  a few  of  the  Altered  Zone  and 
Line  Reef  Zone  samples  with  unusually  high  coverage.  This  cluster  is  clearly 
divided  into  two  smaller  subclusters:  one  consists  of  samples  generally  near  the 
pass  and  dominated  by  huiUnpnra  nu’andniiu,  and  the  second  contains  samples 
collected  farther  from  the  pass  and  dominated  by  A cm  punt  I'nrmosa. 

The  coarsest  subdivision  of  the  dendrograph  separates  Clusters  I and  II 
from  III  and  IV.  This  division  can  be  viewed  as  reflecting  two  classes  of 
processes  controlling  community  structure:  what  Sanders  ( 1968)  has  termed 
physical  control  and  biological  accommodation.  Samples  from  the  deeper  part 
of  the  Leeward  Ocean  Reef  Zone  and  the  Pass  Zone  (Clusters  III  and  IV)  repre- 
sent a benign  environment  where  biological  interactions  influence  community 
structure  more  strongly  than  physical  conditions.  Clusters  I and  II  consist  of 
samples  from  >!ie  physiologically  rigorous  high-salinity,  high-sediment  ureas 
(Line  Reef  Zone,  Altered  Zone,  Back  Lagoon  Zone)  or  from  the  shallow  Leeward 
Ocean  Reef  Zone,  which  is  subjected  to  high  wave  energy.  Physical  control 
exerts  a major  influence  on  coral  community  structure  in  these  areas  of  the  atoll. 


Relationship  Between  Coral  Coverage,  Number  of  Species, 
and  Distance  From  Pass 

Number  of  species  per  sample  shows  a negative  correlation  with  distance 
from  pass  (Fig.  29),  as  does  coral  coverage  per  sample  (Fig.  30).  The  lagoon 
water  exchanges  with  open  ocean  water  at  a single  location  on  the  utol!  rim, 
and  them  are  strong  chemical  gradients  in  water  composition  away  from  the 
optimal  conditions  for  coral  growth  found  on  the  ocean  reefs  (Smith  and 
Jokiel,  this  report). 

The  tunge  transect  (Fig.  32,  Tables  17-19)  also  shows  this  relationship. 
The  amount  of  sediment  increases  with  the  distance  from  the  pass,  while 
nutrient  concentrations  (total  nitrogen  and  phosphate)  decrease.  Water  motion 
decreases,  us  reflected  by  diminished  grain  size  in  the  surface  sediments 
(Heezen  and  Hollister,  1964), 

The  decrease  in  the  number  of  species  present  and  in  the  total  coverage 
could  be  due  to  isolation  from  the  major  coral  biomass  of  the  ocean  reefs.  The 
majority  of  coral  planula  larvae  apparently  spend  only  a few  days  in  the 
plankton  before  settling  (reviewed  in  Connell,  1973).  The  residence  time  of 
water  in  the  back  lagoon  is  nearly  lUOdays  (Smith  and  Jokiel,  this  report). 
Therefore,  planuiae  produced  in  the  rich  oceun  reefs  probably  are  not  able  to 
colonize  the  buck  lagoon  directly. 


Isolation  by  itself,  however,  does  not  fully  explain  the  observed  decrease 
in  coverage  and  number  of  species.  Planulae  produced  in  the  Pass  Zone  and 
Ocean  Reef  Zone  are  carried  several  hundred  meters  Into  the  lagoon  on  an 
incoming  tide,  where  they  can  settle  and  grow  into  new  colonies.  Within 
several  generations  all  species  could  colonize  the  entire  lagoon  if  the  environ- 
ment there  were  suitable.  Planulae  produced  by  colonies  so  established  would 
be  retained  in  the  lagoon  rather  than  being  swept  away  as  on  ocean  reefs. 

The  biomass  of  plankton  in  the  lagoon  of  Bikini  Atoll  is  several  times  higher 
than  on  ocean  reefs,  at  least  partially  because  of  such  retention  (Johnson,  1954). 
Significant  retention  probably  also  occurs  in  the  Canton  lagoon,  because  much 
of  the  organic  carbon  production  remains  in  the  lagoon  (Smith  and  Jokicl, 
this  report).  Retention  of  planula  larvae  in  the  lagoon  should  enhance  the 
recruitment  of  corals  and  lead  to  a high  standing  crop  of  all  species  if  conditions 
in  the  lagoon  were  otherwise  suitable.  Finally,  it  is  implicit  in  the  isolation 
argument  that  the  production  rute  of  planulae  decreases  with  distance  from 
the  pass.  Reduced  reproductive  potential  would  itself  be  an  indication  of 
an  unsuitable  environment,  and  that  reduction  is  a factor  in  addition  to  simple 
simple  isolation. 

On  the  leewurd  ocean  reef,  the  number  of  species  per  sample  correlates 
positively  with  total  coverage  (r=+0.64,  significant  at  P<0.01).  No  signifi- 
cant correction  occurs  between  the  number  of  species  and  coverage  for  samples 
from  more  rigorous  lagoon  environments.  A basic  difference  must  therefore 
exist  between  factors  controlling  the  two  communities.  As  previously  discussed, 
the  m^jor  influences  upon  the  lagoon  coral  community  appear  to  be  physical, 
manifested  as  a negative  correlation  between  distance  from  the  pass  and  both 
coverage  and  number  of  species.  The  logical  interpretation  for  the  positive 
correlation  between  coverage  and  number  of  species  per  sample  on  the  ocean 
reefs  is  that  such  ocean  reef  communities  are  biologically  accommodated.  If 
this  interpretation  is  correct,  the  correlation  should  be  improved  by  deleting 
the  shallow  (less  than  6 m)  samples  from  the  analysis,  because  the  similarity 
dendrograph  suggests  that  these  samples  are  physically  controlled  (scouring 
by  intensive  wave  activity).  Indeed,  when  these  samples  are  deleted,  the  correla- 
tion is  somewhat  improved  (from  r=+0.b4  to  r=+0.82):  however,  this  improve- 
ment is  not  statistically  significant. 

A significant  positive  correlation  between  coverage  and  number  of  species 
probably  reflects  the  benign  nature  of  the  deeper  ocean  reef  environment,  in 
turn  leading  to  the  development  of  a diverse  fauna.  Biological  interactions  such 
as  competition,  predation,  and  parasitism  shape  community  structure  and 
promote  the  coexistence  of  several  species.  The  ultimate  limiting  factor 
probably  is  the  lack  of  suitable  substrata.  The  primary  physical  factor  control- 
ling substrata  (and  hence  coverage  and  species  diversity)  appears  to  be  the 
breaking  of  large  waves,  especially  the  infrequent  storm  waves,  against  the  reef. 
Local  residents  informed  us  that  such  storms  generally  approach  the  atoll  from 


the  west.  Large  dikes  have  been  built  along  the  western  shoreline  to  prevent 
wave  damage  to  the  western  (populated)  portion  of  the  atoll.  Large  storm 
waves  can  remove  living  corals  and  redistribute  unconsolidated  material  on  the 
reef,  thereby  producing  the  observed  community  structure,  Maragos  1 1 974 u,b> 
reached  similar  conclusions  about  wave  control  of  coral  communities  at 
Fanning  Atoll, 

Outcrops  of  well-lithified  reef  rock  are  more  stable  with  respect  to  wave 
activity  than  is  loose  debris.  These  outcrops  thus  develop  a high-diversity, 
high-coverage  "climax”  community.  Generally,  areas  of  reef  rock  outcrops  have 
a much  steeper  slope  than  adjacent  rubble  areas.  Unconsolidated  rubble  is  unable 
to  hold  an  angle  of  repose  steeper  than  about  30  degrees  in  calm  water  and 
probably  a much  lower  angle  under  storm  conditions  Undoubtedly  material, 
shifts  downslope  during  periods  of  high  waves.  Although  nearly  all  substrata  on 
the  ocean  reef  appear  suitable  for  coral  colonization,  the  materials  differ  widely 
in  degree  of  stability  and  frequency  of  disruption. 

The  dendrograph  further  suggests  that  the  Leeward  Ocean  Reef  Zone  and 
Pass  Zone  could  be  combined  on  the  basis  of  the  major  factor  controlling 
community  structure  (that  is,  biological  accommodation),  while  the  Line  Reef 
Zone  and  Altered  Zone  could  be  combined  on  the  basis  of  physical  control. 
Combining  a'l  samples  from  the  Leeward  Ocean  Reef  Zone  with  all  samples 
taken  in  the  Pass  Zone  produces  a positive  correlation  (r  = +0.65,  P<0.00l ) 
between  the  number  of  species  present  per  sample  and  the  distance  from  the 
pass.  These  correlations  suggest  that  both  biological  and  physical  controls  on 
the  community  are  operating  in  the  Leeward  Ocean  Reef  and  Pass  Zones.  By 
contrast,  combining  all  stations  from  the  Line  Reef  Zone  with  those  from  the 
Altered  Zone  produces  no  significant  correlation  between  coverage  and  number 
of  species  present  per  sample,  but  does  produce  a negative  correlation  (r=  0.48. 
PC0.00I ) between  coverage  and  distance  from  puss.  This  pattern  of  correlations 
probably  indicates  physical  control  of  the  coral  communities  in  these  provinces. 
Species  unsuited  to  the  increasingly  harsh  conditions  are  eliminated. 


Coral  Coverage,  Shannon-Weaver  Diversity  Index, 
and  Distance  From  Pass 

The  Shunnon-Weuver  diversity  index  for  all  ocean  stations  correlates 
positively  with  total  coverage  (r  = +0.46,  significant  at  P<0.05),  as  does 
diversity  of  the  14  deep  (greater  than  6 m)  oceun  stutions  (r  = +0.50,  P<0.05). 
Lagoon  stations  show  no  correlation  between  diversity  und  coverage  (r  * +0.05,  P 
not  significant),  but  show  a negative  correlation  (r  = -0,43,  significant  at  P<0.001) 
between  diversity  und  distance  from  the  pass,  As  mentioned  previously,  the 
dendrograph  of  similarity  indices  suggests  that  Leeward  Ocean  Reef  Zone 
stations  and  Pass  Zone  stations  cluster  together  (biological  accommodation)  and 


that  Altered  Zone  and  Line  Reef  Zone  stations  from  a second  cluster  (physical 
control).  Diversity  for  ail  Leeward  Ocean  Reef  Zone  stations  combined  with  all 
Pass  Zone  stations  correlates  positively  with  total  coverage  (r  ■ +0,35,  significant 
at  P<0.001 ).  This  relationship  does  not  hold  for  the  remaining  Line  Reef  and 
Altered  Zone  stations  (r  = +0.J4,  P not  significant).  For  these  stations,  diversity 
correlates  negatively  with  distance  from  pass  (r  = -0.41 , P<0.001 ) and  probably 
reflects  physical  control  with  increasingly  harsh  environmental  conditions. 


Origin  of  the  Lagoon  Fauna 

The  windward  ocean  reefs  were  not  sampled,  but  the  data  in  Table  10  are 
representative  of  at  least  the  leeward  reefs.  The  most  important  lagoon  species 
(Table  16)  also  are  among  the  most  important  leeward  ocean  reef  corals;  the 
differences  apparently  result  from  the  decrease  in  the  number  of  species  with 
the  increased  distance  from  the  pass.  The  faunal  similarity  between  ocean  and 
lagoon  presents  a striking  contrast  to  the  Marshall  and  Line  Islands,  where 
dominant  lagoon  species  differ  from  the  dominant  ocean  reef  species;  some 
species  are  even  considered  to  be  exclusive  lagoon  types  (Wells,  1954;  Maragos, 
1974b).  Possibly  this  difference  occurs  because  several  atolls  of  these  island 
groups  have  relatively  large,  open  lagoons  which  favor  the  recruitment  and 
development  of  distinctive  lagoon  coral  populations.  Atolls  in  the  Phoenix 
Island  group  generally  lack  lagoons  or  have  restricted  exchange  with  the  open 
ocean.  Consequently,  the  Canton  lagoon  coral  fauna  probably  has  been  derived 
almost  entirely  from  the  available  ocean  reef  species. 


CONCLUSIONS 


The  various  biogeochemical  gradients  and  processes  controlling  community 
function  and  structure  at  Canton  are  described  by  Smith  and  Jokiel  (this  report). 
It  is  apparent  that  poor  circulation  results  in  an  increasingly  isolated  and 
physically  hursh  environment  in  the  lagoon  with  increasing  distance  from  the 
pass.  As  pointed  out  by  Wells  (1954),  local  coral  distribution  has  long  been 
known  to  be  controlled  primarily  by  light  and  water  motion.  On  the  ocean  reefs 
breaking  waves  limit  coral  development  in  the  shallows.  At  intermediate  depths, 
good  light  penetration  and  vigor  of  circulation  due  to  wave  action  result  in  a 
diverse,  high-coverage  coral  reef  community.  The  maximum  depth  to  which  good 
coral  reefs  can  exist  along  the  ocean  margin  is  ultimately  limited  by  the  penetra- 
tion of  light  and  by  the  depth  to  which  wave  action  produces  sufficient  water 
circulation. 


In  the  shallow  lagoon  at  Canton,  light  probably  does  not  severely  limit  the 
maximum  depth  of  coral  development.  The  strongest  environmental  gradients 
(salinity,  nutrients,  tidal  current,  sediment)  exist  in  the  horizontal  plane,  and 
result  in  differences  in  biotic  composition  between  the  pass  and  back  lagoon. 
Wind  chop  produces  a strong  vertical  water  motion  gradient  which  enhances  the 
growth  of  corals  In  the  shallows.  Throughout  most  of  the  lagoon  (Line  Reef 
Zone,  Altered  Zone,  Back  Lagoon  Zone)  living  coral  is  rare  below  a depth  of 
2 m,  even  though  water  chemistry  is  uniform  with  depth. 
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ABSTRACT 


Inshore  fishes  at  Canton  were  surveyed  by  visual  sampling  during  a 2-week 
period  in  November  and  December  1973.  Data  From  this  survey  expand  the 
cumulative  checklist  t'or  Canton  Atoll  fish  species  to  2t>4  species  From  50 
families.  The  dis'ribution  of  inshore  fishes  was  analyzed  from  transect  data, 
and  20  species  were  selected  for  representative  distributional  display.  Several 
representative  patterns  of  fish  distribution  emerge.  Fish  abundance  (both 
individuals  and  species)  is  highest  immediately  outside  and  in  the  puss  region. 

In  the  lagoon,  abundance  decreases  with  increasing  distance  from  the  pass. 
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INTRODUCTION 


There  have  been  few  studies  describing  the  fish  fauna  of  the  Phoenix 
Islands.  Schultz  (1943)  collected  208  species  of  fishes  belonging  to  45  families 
from  Canton,  Hull,  and  Enderbury  Atolls  during  the  1 939  expedition  of  the 
USS  Bushnell.  Most  of  that  sampling  was  accomplished  by  seining  and 
rotenone  poisoning;  consequently  those  collections  were  heavily  weighted  with 
species  which  are  members  of  bottom-dwelling,  inconspicuous  (cryptic  or 
nocturnal)  groups,  such  as  gobies,  blennies,  and  ophichthid  eels.  Halstead  and 
Bunker  (1954)  conducted  toxicity  tests  on  more  than  93  species  of  fishes 
(identifications  for  scarids  and  labrids  were  incomplete)  from  Canton.  Ender- 
bury, Hull,  and  Sydney  Atolls  from  December  1950  through  April  1951.  Fishes 
were  collected  for  that  study  by  hook  and  line,  beach  seine,  spear,  throw  net, 
dip  net,  and  rotenone  poisoning. 

The  above  studies  provide  useful  general  background  information;  how- 
ever, these  studies  do  not  present  quantitative  distributional  data.  Distributional 
data  for  other  coral  atolls  have  recently  been  gathered  by  various  visual  transect 
methods.  Fishes  are  often  collected  for  identification  and  analyzed  for  specific 
food  preferences  when  possible.  Chuve  and  Eckert  (1974)  conducted  such  a 
study  at  Fanning  Atoll  and  discuss  fish  distributions  in  terms  of  seven  general 
habitat  types.  Losey  ( 1 973 ) undertook  a similar  study  at  Kwajalein  Atoll. 

Jones  and  Larson  (1972)  have  conducted  transecting  studies  around  Guam  and 
other  Micronesian  islands. 

The  purposes  of  this  study  are  to  expand  the  species  list  from  Canton 
Atoll  and  to  examine  fish  distribution  within  and  immediately  outside  the 
atoll  lagoon.  Some  explanations  for  observed  distributional  patterns  are  included, 


METHODS 


During  the  inshore  fish  survey,  two  visual  methods  of  assessing  fish  species 
distribution  and  abundance  were  used.  In  areas  having  high  fish  diversity  and 
abundance,  a weighted  30-m  transect  line  was  laid  across  the  bottom;  for 
locations  having  varied  relief  and  substrata  (such  us  patch  reel's  or  along  an 
outer  reef  shelf),  the  transect  line  was  oriented  so  that  it  crossed  u represen- 
tative variety  of  habitats.  Biologists  with  scuba  gear  swam  along  either  side 
of  the  transect  line,  recorded  numbers  of  individuals,  and  estimated  average 


Precedat  paga  blank 


lengths  (standard  lengths,  in  centimeters)  for  all  observable  species.  Figure  33 
illustrates  this  transecting  procedure.  Each  biologist  counted  fishes  within  an 
approximately  2-m-wide  by  3-m-high  corridor  adjacent  to  his  side  of  the 
line.  Counts  by  the  two  divers  were  combined  (see  the  Appendix).  The  area 
sampled  along  each  trunsect  was  approximately  120  m2;  water  volume  was  about 
360  nr1.  Use  of  such  a small  corridor  minimized  the  effects  of  reduced 
visibility,  which  could  invalidate  inter-area  comparison.  The  nine  stations 
inventoried  in  this  munner'were  designated  “fish  transect  stations"  and  are 
marked  with  an  "FT"  prefix  in  the  Appendix. 


Fli'irc  33.  Biologist  conducllnn 
u fish  trunsect  ut  ocean  station. 


In  areas  of  low  fish  abundance  (typically  intertidal  ocean  reef  shelf  and 
nearshore  shallow  lagoon  sand  fiats),  scuba  gear  and  transect  line  were  not 
used.  Two  biologists  with  snorkeling  gear  swam  along  a path  of  predetermined 
length  and  orientation,  recording  species  present  (with  notes  on  abundance  and 
length).  At  three  nearshore  shallow-water  stations,  observations  were  made  by 
wading  along  the  shore.  Fifteen  such  snorkeling  and  wading  stations  (“fish 
observation  stations")  are  labelled  "FO”  or  "FO  (w)"  in  the  Appendix. 
Locations  of  sampling  stations  are  shown  in  Fig.  34, 

For  most  transects  and  observations,  a "horizontal  identifiable  visibility" 
(HIV)  was  estimated.  The  HIV  is  defined  as  "the  maximum  distance  through 
the  water  (in  a horizontal  plane)  at  which  a stationary  or  slow-moving  fish 
(10  cm  or  longer)  can  be  readily  seen  and  identified  by  a competent  diving 
biologist,  that  is,  one  familiar  with  the  fish  fauna  of  the  area  under  study," 
Evans  (1973).  Such  HIV  values,  although  subjective,  provide  data  useful  for 
survey  intercomparisons  and  are  therefore  included  in  the  Appendix.  Bottom 
profiles  and  composition,  dominant  coral  typos  and  coverage,  current 
characteristics,  and  other  incidental  observations  are  also  Included  in  the 
station  descriptions. 
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Most  species  encountered  could  be  identified  in  the  fieid,  or  described 
sufficiently  well  for  subsequent  identification.  Specimens  of  some  species 
were  speared  to  enable  later  positive  identification.  One  ucanthurid 
(surgeonfish)  could  not  be  identified  with  existing  keys.  That  specimen  was 
given  to  Dr.  John  E.  Randall  (Bernice  P.  Bishop  Museum,  Honolulu).  Randall 
has  other  specimens  of  this  same  species  from  Washington  Island  (Line  Island 
Group).  He  is  presently  describing  these  as  a new  species.  The  specimen 
from  Canton  will  be  used  as  a paratype.  Two  specimens  of  Dascylius  trimacu- 
latus  (three-spot  damselfish)  were  also  given  to  Rundall.  These  will  probably 
be  described  as  Phoenix  and  Line  Island  color  variants  of  that  species. 


From  the  24  fish  transect  and  fish  observation  stations.  146  species  were 
observed  (see  checklist.  Table  20);  M species  were  new  reports  for  the 
Phoenix  Islands.  These  records,  with  the  data  from  Schultz  (1943)  and  Halstead 
and  Bunker  (1954),  bring  the  new  total  to  264  species  from  50  families.  These 
numbers  are  comparable  wiih  inshore  fish  fauna  data  gathered  in  other  Central 
Pacific  Island  groups,  The  Phoenix  Islands  are  •»  major  component  of  the 
Central  Pacific  faunal  “subregion,”  which  includes  the  Marshall,  Gilbert. 

Line,  and  Hawaiian  Island  groups.  This  subregion  is  the  northeastern  compo- 
nent (described  by  Gosline,  1971 ) of  the  extensive  Indo-West  PucTie  faunal 
region.  Strasburg  (1953)  reported  250  species  belonging  to  5 1 families  from 
the  southern  Marshalls  at  Arno  Island.  Randull  (1955)  recorded  396  species 
of  inshore  marine  and  pelagic  fishes  from  the  Gilbert  Islands,  Gosline  ( 1971 ) 
reported  235  species  belonging  to  40  families  from  the  Line  Islands;  Chuve  and 
Eckert  (1974)  reported  217  species  belonging  to  37  families  from  Fanning 
Atoll  alone,  Brock  ct  at.  (1965)  reported  184  species  belonging  to  46  families 
from  Johnston  Island.  Gosline  and  Brock  ( I960)  listed  448  species  of  inshore 
or  surface-living  species  from  the  Hawaiian  Islands. 


Tublc  20.  Checklist  of  fishes  observed  during  the  1973  Cunton  Atoll  survey. 


Group/Spedcs* 

Hawaii  Coastal  Zone 
Data  Bank  No.** 

Chlorda  ta/Vertebrata 

Chondrichtliyes 

Lamnida 

Caicharlnidae 

Carcharhlnus  mclanopterus  (Quoy  and  Gaimard) 

8 SI 61 2050 1 

Hypotremata 

Dasyatidue 

8517090000 

Mobulldae 

Manta  sp. 

8517110200 

Osteichthyes 

P.loplt'ormes 

Albulldue 

Albula  vulpcs  (Linnaeus) 

8521060101 

AnguiUH'ortnes 

Muruenldae 

Cly nwothorax  pictus  (Ahl) 

B522050603 

Cynmothorax  flavimarginatus  (Riippell) 

8522050605 

( iynmotliorax  melvagris  (Shaw  and  Nodder) 

B522050606 

Salmonllormes 

Synodontldae 

8 S3 1470000 

Gonorynchllormes 

Chanldue 

Chaim  chanos  (i'orsskal) 

8533060101 

Atherlnilurmes 

I'.xocoetldae 

Cypscturus  spilonoptirns  (Hleeker) 

8544010603 

llemirumphid  sp. 

8544015000 

Berylelforntes 

llolocentrlduc 

Adioryx  splnt/vr  (I'orsskal) 

8546180101 

AJIoryx  laclvoguttaitis  (Cuvier) 

8546180103 

Adiorvx  candi macula  t Riippell) 

8546180111 

Atltoryx  violations  Hleeker 

8546IH01 16 

Myripristis  imirdjan  (I'orsskal) 

8 546180403 

Myripristis  amavnus  (Castelnuu) 

8546180404 

Myiiprislis  ktinU’c  (Cuvier  and  Valenciennes) 

8546180405 

b'tammeo  sammara  (I'orsskal) 

8546180501 

Ciastcrostcll'orincs 

Aulostomldue 

Auloston,js  chincnsis  (Linnaeus) 

8549060101 

listulariidae 

Mstularla  sp. 

8549070100 

Syngnathldac 

8549120000 

Scorpacnifornies 

Seorpaenidae 

Pteiols  antvnnata  (Bloch) 

8552010202 

(Cuntd) 


Table  JO,  (Co«td) 


Hawaii  Coastal  Zone 

Group/Species* 

Data  Bank  No.** 

Perclformes 

uerranidae 


Serrunld  tp. 

8554020000 

fiptnephelus  mvrra  Block 

8554020306 

hplncphelus  mkrodon  (Bloeker) 

8554020314 

Ccphalopholls  argus  Bloch  and  Schneider 

8554020801 

Cephalopholts  urodctus  (Bloch  and  Schneider) 

8554020802 

Graclla clbomarglnatus  (Fowler  :nd  Bean) 

8S5402IO0I 

Anypcr  don  kucogrammlcus  (Valenciennes) 

8554022001 

Kuhliitue 

Kuhtia  sp. 

8554140100 

Apogonldae 

Chellodlpterus  qulnquclim'ata  Cuvier  und  Valenciennes 

8 554 180501 

Curangidae 

Scomberoidc s sanett- petri  (Cuvier) 

8554290101 

Kkgatls  blplnnulalus  (Quoy  and  Gp'mard) 

8554290201 

Gnathanodon  spcclosus  (Forsskil) 

8554290801 

Caranx  mekmpygus  Cuvier  and  ' alenclenncs 

8554291204 

Caranx  so. 

8554291200 

Lutjanidae 

Lutjunld  tp. 

8554380(8)0 

Aprton  vlrexens  Valenciennes 

8554380401 

l.ut/anu i*  hohar  (Forsskil) 

8554380701 

Lutjaiws  maiiostigma  (Cuvier  und  Valenciennes) 

8554380703 

l.ui/anus  fulviis  (Bloch  und  Schneider) 

8554380704 

l.ut/anu!  kasmirn  (Forsskil) 

8554380705 

l.ctlirinus  sp. 

8554380800 

Sparldae 

Monotaxis grandoculis  (Forsskil) 

8554450101 

Gnathodtntcx  aureolineattis  ( Luec'pidc) 

8554450201 

Mullidae 

Mulloldkhthys  samoonsis  (Gunther) 

8554470201 

Mulloldkhthys  auriflamma  (Forsskil) 

8554470202 

Panipcncus  bifax  laws  ( t.aciipedc  1 

8554470306 

Parupeneus  barborinus  (Lucepide) 

8554470307 

Parupeneus  trifasclalus  (LacepJde) 

8554470309 

Parupeneus  sp. 

8554470300 

Kyphosldae 

Kyphoius  cirtirascens  (ForsikiU) 

8554530101 

Chaetodontldae 

I'oniptger  longlrostrls  (Broussonet) 

85545  704  02 

Henlochut  acumlnaius  (Linnaeus) 

8554570502 

Henloehus  permutatus  Cuvier 

8554570503 

Henloehus  varius  (Cuvier) 

8554570SO4 

Chaetodnn  ktcint  Bloch 

8554570703 

(Could  i 
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Table  20.  (Contd) 


G roup/S  peciei* 

Hawaii  Coastal  Zone 
Data  Bank  No.** 

Chaetodon  tlrtae  (continued) 

Chaetodon  ephlpplum  Cuvier 

8534S7070S 

Chaetodon  aurlga  Forukil 

8554570706 

Chaeiodon  unltnaculatus  Bloch 

8554570707 

Chaetodon  lunula  (LucJpedc) 

8554570708 

Chaetodon  irlfasdaitts  Mungo  Park 

8554570710 

Chaetodon  ontatlsslmus  Solander 

8554570711 

Chaetodon  <)uadrlmaculatus  Gray 

8554570712 

Chaetodon  ulletcnsls  Cuvier  und  Valenciennes 

8554570717 

Chaetodon  semeton  Bleeker 

8554570718 

Chaetodon  tneyeri  Bloch  and  Schneider 

8554570719 

Chaetodon  hennettl  Cuvier 

8554570720 

Megaprotodon  strlgangulus  (Gmelln) 

8554570801 

Centmpyge  lorlcult (GUntlter) 

8554575304 

Centropygc  fladssimus  (Cuvier) 

8554575205 

Centropyge  bicolor  (Bloch) 

8554575308 

PygopUtes  diacantnwt  (Boddaert ) 

8554575401 

Ponmcentrldae 

Dascyllus  aruanus  (Linnaeus) 

8554640102 

Dascvllus  trlmaculatus  (Ruppell) 

8554640104 

Ahudefduf  sordidus  (Forsskal) 

8554640201 

A hudefduf  Imparlpcnnis  (Sauvage) 

8554640203 

Ahudefduf  phocnixcnsls  Schultz 

8554640205 

Ahudefduf  glaucus  (Cuvier  und  Valenciennes) 

8554640208 

Ahudefduf  septemfasetatus  (Cuvier  and  Vulenclennes) 

8554640209 

Ahudefduf  amahllls  (De  Via) 

8554640210 

Plearoglyphldodon  dickil  (Llenard) 

8554640302 

Pomaeentrus  alhofasdatus  Schlegel  and  Muller 

8554640402 

Pomaccntrus  coelestls  Jordan  and  Starks 

8554640403 

Pomaeentrus  nigricans  (luedpide) 

8554540405 

Pomaeentrus  sp, 

8554640400 

Chromls  margaritifer  Fowler 

8554640507 

Chromis  caertdeus  (Cuvier  and  Valenciennes) 

8554640512 

Chromls  sp. 

8554640500 

Amphiprlon  chrysopients  Cuvier 

8554640607 

Ampltlprlon  sp. 

8554640600 

Cirrhltldae 

Orrhitld  sp. 

8554660000 

Paradrrhltes  ana t us  (Cuvier  and  Valenciennes) 

8554660101 

Paraclrrhhcs  forstvri  (Bloch  and  Schneider) 

8554660102 

Paradrrhltes  xanlhus  Randall 

8554660105 

CtrrhltUhlh\ \s aprinus  Cuvier  and  Valenciennes 

8554660603 

Mugilldac 

Chelan  valglcnsis  (Quoy  and  Galmard) 

8555010301 

CrenlmugH  crenllahis  (Forsskal) 

8555010401 

(Contd) 
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Tublc  20.  (Contd) 


Hawaii  Coastal  Zone 

G roup/S  peclci* 

Data  Bank  No,** 

Sphyraenidae 
Sphymena  ip. 
Lubrldae 

8555030100 

Labroldes  hicolor  Fowler  and  Bean 

8555070402 

l.abroldes  dlmldlatus  (Cuvier  and  Valenciennes) 

8555070403 

l.abroldes  rubrvlablatus  Randall 

8555070404 

Uplbulus  Insldiator  (Pallas) 

8555070501 

Chellinus  undulatus  Riippell 

8555070703 

Pscudochelllnus  hcxatacn/a  (Bleeker) 

8555070804 

Thalassoma  lunate  (Linnaeus) 

8555071403 

Thalassoma  amblycephalus  (Bleeker) 

8553071410 

Thalassoma  hardwlckel  (Bennett) 

8555071411 

Gomphosus  far  ins  Lacdpide 

8555071501 

Chris  galmardi  (Quoy  and  Gaimard) 

8555071604 

Srvlho/ulls  ball  tala  (Quoy  and  Guimard) 

8555071801 

A nampses  caerulcopunctatus  RUppcll 

8555072103 

Hallchoeres  cvntrlquadrus  (Late pink') 

8555072202 

Hallchoeres  irimaculalns  (Quoy  and  Guimard) 

8555072205 

Hemlgymnus  mclaptcrus  (Bloclt) 
Scurldue 

8555072302 

Caloloimis  sp. 

8555090100 

Status  sordtdus  I'orsakal 

8555090304 

Status  forstetl  Cuvier  and  Valenciennes 

8555090305 

Status  Jrenaius  Lucepcde 

8555090306 

Status  gliohban  Forsskal 

8553090308 

Status  fom'Sl  (Streets) 

8555090311 

Status  pat  totalis  Cuvier  und  Valenciennes 

8555090313 

Status  sp.  (juvenile) 

8555090320 

Chlorurus glhhus  (Riippell) 
Cobilduc 

8555090601 

Goblid  sp. 

8555600000 

Uailiygobius  Justus  (RUppell) 

8S556  00802 

Ambhigoblus  phalaena  (Valenciennes) 
Acuntnuridae 

8555601802 

Acanthutus  ttloslegus  (Linnaeus) 

8555690101 

Acanthutus  gurtatus  Bloch  and  Schneider 

8555690102 

A tanlhuttis  achilles  Shaw 

8555690103 

Ataulhurus glaucopareius  Cuvier 

8555690104 

Acaiitliutus  olhaccus  (Block  and  Schneider) 

8555690109 

Acanthutus  xanthopteeus  (Cuvier  and  Valenciennes) 

8555690111 

Acanthutus  lima i us  (Linnaeus) 

85556901 14 

Acantlturus  sp, 

8555690100 

Clenoehaetus  sitlgosus  (Bennett) 

8555690201 

Ctvnochaclus  strlalus  (Quoy  und  Guimard) 

8555690203 

/ ebrasoma  veUJerum  (Bloclt) 

8555690302 

Zcbrasonut  scopas  (Cuvier) 

8555690304 

i(’onld) 
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Tabic  20.  (Contd) 


Group/Specles* 

Hawaii  Coastal  Zone 
Data  Bank  No.11* 

Acanthuridae  (continued) 

Nato  llturatus  (Bloch  and  Schneider) 

B555690401 

Nato  brevirottris  (Cuvier  and  Valenciennes) 

8555690403 

Zaitelus  ceneKens  (Linnaeus) 

B55569510I 

Tilradontlformes 

Bullitldae 

Khinecanthus  tectanfulus  (Bloch  and  Schneider) 

8558020301 

Khinecanthus  acuieatus  (Linnaeus) 

8558020302 

Melichthvs  vidua  (Solander) 

8558020402 

Sufflamvn  chrysopten  (Bloch  end  Schneider) 

8558020505 

Ballitapus  undulatus  (Mungo  Park) 

8558020601 

Ballttoides  vlrkit scans  (Bloch  and  Schneider) 

8558020701 

Ballttoides  flavimaiflnatus  (RUppell) 

8558020703 

Tetruodontiduc 

Arothnm  lilspldus  (Linnaeus) 

8558060302 

Cant  h if  aster  solandrl  (Richardson) 

8558065107 

*Uroup/Spccles-(u.\onomic  list  follows  the  phylogenetic  order  proposed  by  Greenwood  i'f  at,  (1966). 
••IIZCDB  No. -u  numerical  computer  lining  maintained  by  University  of  Hawuii/lluwaii  Institute  or  Geo- 
physics; ull  fish  duta  front  this  report  are  stored  in  this  bank. 


Figure  35  shows  the  number  of  species  recorded  at  each  station  (as  dots 
with  areus  proportional  to  the  number  of  species  observed).  The  number  of 
specks  is  plotted  against  distance  from  the  lagoon  pass  (Fig.  36).  A pronounced 
decline  in  the  number  of  species  is  seen  with  increasing  distance  from  the 
pass.  These  data  are  consistent  with  the  well-documented  preference  of  most 
reef  species  for  habitats  with  substrata  of  varied  relief  and  generally  high  live 
corul  coverage  (Key,  1973),  These  habitat  types  provide  protective  cover  and 
food  for  fishes  and  a large  varieiy  M' other  reef  organisms,  as  seen  in  the  photo- 
graphs taken  adjacent  to  Spam  Island  in  the  pass  region  (Fig.  37).  Regions  of 
abundant  and  diverse  coral  coverage  are  also  normally  “healthy"  areas  with 
good  circulation  and  near-oceanic  physicochemical  conditions  capable  of 
sustaining  most  reef-associated  biota  (Smith  und  Jokiel,  this  report;  Jokiel  and 
Muragos.  this  report;  Kuy,  this  report).  Accordingly,  the  areas  with  sparse  live 
corul  coverage  und  low  relief  (see  substrata  key  in  Fig.  36)  are  uniformly  low 
in  fish  diversity  and  abundance.  In  such  environments,  available  habitats 
appear  to  overshadow  the  effects  of  circulation  and  overall  water  quality. 
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<c)  Depth.  I to  2 m;  cowl  predominantly  Millepora 
und  Pndlltipnra : obvious  fish  species  shown:  Chrtimls 
catmints  and  Ceplialopholls  ttrodells. 


Id)  Depth,  1 to  3 m;  cowl  predominantly  Acropora 
und  Milltpora \ obvious  fish  species  shown  (top  to 
bottom):  Chnmis  sp.,  A turn  hurus  trios!  exits,  und 
Chaetodon  beutH'Ui. 


i : 

I j Within  the  lagoon  the  number  of  fish  species  generally  decreases  radically 

f 1 beyond  a 2-km  radius  from  pass  to  about  8-23  species  per  location  for 

I | most  shoreline  and  lagoon  reef  areas.  Some  mid-lagoon  regions  along  certain 

I line  reefs  possess  luxuriant  coral  growth  (primarily  Acropora  and  Mlttepora), 

I with  un  accompanying  diverse  and  abundant  fish  fauna.  One  station  (Fig.  38), 


where  over  41  fish  species  were  observed,  Is  typical  of  such  locations.  Along 
the  crests  and  shallower  slopes  of  the  line  reef  structures,  tidal  currents  are 
increased  in  speed.  This  intensified  flow  appears  to  enhance  biotic  diversity. 


r I'lpure  3fi,  Line  rerf  crest  environment,  mld-lasoon 

t station;  depth,  lVj-2  m;  coral  predominantly  Aero- 

’ pore',  obvious  I'lsh  species  shown  (top  to  bottom): 

1 Chromtt  caeriileus,  Lut/amis  fUlvui,  l.uljanus  kas ■ 

i min,  Acenthurut  sp  , and  Gntthodenttx  aureo- 

j tinnitus, 

i 

3 


Fish  diversity  is  generally  high  outside  the  lagoon,  with  the  exception  of 
the  shallow  wave-swept  outer  reef  Hats.  Immediately  beyond  the  flats  and 
algal  ridge,  the  groove  and  spur  region  of  the  outer  reef  supports  a fish  fauna 
that  becomes  increasingly  diverse  with  depth.  Observations  at  two  locations 
along  the  forereef  (water  depth,  3-20  m)  revealed  the  presence  of  un  outer 
reef  terrace  (shown  diagrammatically  and  by  inset  photograph  in  Fig.  39). 
This  terrace  supports  a diverse  coral  and  fish  fauna. 
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Figure  39.  Schematic  croai-wctlon  of  Canton  Atoll 
reef  structure  (wetterr  aide).  Inset  photo  was  taken 
at  IS  nt  depth  along  seaward  edge  of  outer  reef 
terrace. 


Distribution  of  Selected  Species 

Datii  on  the  distribution  of  fishes  were  recorded  ut  the  24  transect  and 
observation  stations  and  were  also  examined  for  meaningful  patterns  or  trends 
by  taxa.  Twenty  fish  species  have  been  selected  (see  Table  21)  to  illustrate  the 
observed  patterns  in  fish  distribution  at  Canton  Atoll.  Nineteen  of  these 
selected  species  were  recorded  at  25%  or  more  of  the  sampling  stations.  The 
remaining  species,  Arothron  hlspldus.  was  reebrded  at  20%  of  the  stations;  its 
occurrence  is  also  considered  significant  to  the  distributional  discussion. 
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Table  21.  Alphabetical  KMing  of  Kkcted  tab  ipcciei  wilh  leautl  on  bdumw.  habitat,  jmd  <fistribution. 
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Six  species  show  a nearly  ubiquitous  distribution  at  Canton  Island: 
Chaetodon  auriga,  Pumacentrus  nigricans,  Acanthurus  xanthopterus,  Epinepheius 
merra,  Scarus  sordidus,  and  Chcilodip  tents  quinquellneata  (Fig.  40a-40f). 

These  species  appear  well-adapted  to  inhabit  nearly  any  available  habitat  with 
sufficient  bottom  relief. 

Another  group  of  species  is  confined  to  the  pass  region  and  at  the  outside 
ocean  stations.  The  five  species  in  this  group  are  Chromis  margarltlfer,  Centro- 
pyge  Jlavissimus,  Zebrasoma  scopns,  Cephalopholis  argus,  and  Gomphosus 
i arius  (Fig.  40g-40k). 

One  species,  Dascy Hits  antanus , is  restricted  to  the  pass  and  clear 
lagoon  regions  (Fig.  401).  Possible  factors  which  might  limit  the  distribution 
of  this  and  other  selected  species  are  presented  in  the  last  column  of  Table  2 1 . 

Three  species  occur  at  ocean,  pass,  and  lagoon  stations,  but  are  not 
ubiquitous:  Thalassoma  amblycephalus,  Pomacentrus  coelestis , and  Chaetodon 
lunula  (Fig.  40m-40o).  The  distribution  observed  for  these  species  suggests 
a mild  preference  for  clear-water,  moderate  live-coral-coverage  environments. 

As  seen  by  the  distribution  for  P.  coelestis,  a possible  remnant  population  at  a 
lagoon  station  north  of  the  present  pass  is  suggested;  this  station  is  near  ocean 
passes  closed  about  30  years  before  this  survey  (see  Henderson  et  al. , this 
volume), 

Rhinccanthus  aculeatus  and  Monotaxis  grandoculls  occur  primarily  at 
lagoon  patch  reef  stations  (Fig.  40p  and  40q).  Both  species  exhibit  solitary 
behavior  patterns  (see  Table  21). 

Two  other  species  which  have  been  recorded  as  abundant  in  turbid  lagoon 
environments  are  Lutjanus  fulvus  and  Arothron  hlspidus  (Fig.  40r  and  40s). 

A.  hlspidus  was  observed  almost  exclusively  at  shallow,  turbid-water  stations. 

One  remaining  species,  Acanthurus  triostegus,  shows  a curious  distribu- 
tional pattern  at  Canton  (Fig.  40t).  Hiatt  and  Strasburg  (I960)  consider  the 
species  as  being  ubiquitous  in  the  Marshall  Islands;  Chave  and  Fxkert  ( 1974) 
found  a similar  distribution  at  Fanning  Atoll,  However,  at  Canton  A,  triostegus 
wus  recorded  only  from  the  pass,  ocean,  outside  reef  shelf,  and  southern  lagoon 
stations.  Possibly  some  specific  food  or  habitat  preference  is  reflected  in  the 
limited  lagoon  distribution  of  this  species. 

Juveniles  and  young  adults  of  certain  selected  species  were  observed 
predominantly  inside  the  lagoon,  while  adult  forms  were  seen  at  outside 
stations.  Scarus  sordidus,  Mono  taxis  grandoculls,  and  Lutjanus  fulvus  are 
representative  species  which  exhibit  this  pattern. 


Threadf ill  buttarf lyf lih 
Chaatodon  aurlga 


Demielllih 

Pomtctntru j nigricans 
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Surgeonfith;  Pualu 
Acanthurus  xanthopterui 


Honeycomb  grouper  j 

Bptnaphalus  marra  j 


i 


#■81-80% 

• >41-80% 

• « 21-40% 

• - 1-20% 


me  of  the  "doti"  Indicate! 
frequency  of  occurrence  of  a 
given  tpeclei  ei  a percentage 
of  ell  Individual!  of  that 
ipeclei  reported  during 
the  turvey;  excludes 
Individual!  of  that  tpeclei 
too  numerous  to  count  |jee 
below) 


■ ■ Individuals  too  numerous  to  count  or  ade- 
quately estimate  (greater  than  1 000) 
o - species  likely  Included  In  data  recorded  to 
family  level  only  (based  upon  subsequent 
Identifications  from  photos  and  later  taxo 
nomlc  analysis) 


l-'igurc  40.  Distribution  put  turn  of  2(1  rcprcsentutlve  reel'  fish  species. 
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Parrotfiih;  Uhu 
Sctrui  tordidut 


Five-lined  caidlnalfiih 
Cntilodiptiru!  qu/nqutlinnu 


l-'lllllrc  *10.  (could) 


81-80% 

• - 41-60% 

• » 21-40% 

• ■ 1-20% 


JIM  of  thi  "dot!"  indicate! 
frequency  of  occurrence  of  a 
fllyen  special  si  a percentage 
of  ell  individual!  of  that 
ipuclai  reporud  during 
the  lurvey;  exclude! 
Individual!  of  that  ipaolai 
too  numeroui  to  count  |iaa 
below) 


Rainbow  wraue 
Thalassoma  umblycaphalux 


Bibo  domiolllih 
Pomacantrua  coalmtis 


Raccoon  butterflyfith  Trtogerfish 

Chgetodon  lunula  ft h inacanthus  aculaatut 


I linin'  40,  (it'imli 


?*  61-80%  il la  ol  tho  “doti"  Indicate* 
■41-60%  frequency  of  occurrence  of  » 
• ■ 21-40%  S'*®11  *P*el«*  ••  * percentage 

• * 1-20%  of  all  Individual*  of  that 

•pecte*  reported  during 
the  turvey;  exclude* 
Individual*  of  that  ipeclei 
too  numerout  to  count  liae 
below) 


!*=«■  * ♦"**»-««  t-1  ' 


Big-eye  tea  bream  Mu 
Monotaxls  grandoculii 


Black-tailed  mapper,  Toau 
Lut/anus  fulvus 


Soft  puffer;  Meklmakl 
Arothror  hlspldus 


Convict  tang;  Manlni 
Acanthurur  triostagus 


■ ■ indlvlduali  too  numeroui  to  count  or  ade- 
quately estimate  (greater  than  10001 
Q * special  likely  Included  in  data  recorded  to 
family  level  only  (based  upon  subsequent 
Identifications  from  photos  and  later  taxo- 
nomic analysis) 


I'ltuirc  40.  Komd) 


Initially  several  other  species  were  considered  for  distribution  maps  but 
were  subsequently  excluded  from  the  presentation  for  the  following  reasons: 
Transect  data  for  the  black-tip  shark  ( Carcharhlnus  melanopterus)  and  the 
blackjack  ( Caranx  mehmpygus),  two  fust -swimming  species,  were  considered 
incomplete  and  therefore  unreliable,  Recorded  distributions  for  three 
nocturnally  active  species  - the  moray  eel  ( Gymnothotax  plctus ) and  two 
squirrelfishes  ( Adiuryx  splnifcr  und  Flammvo  sammara)  were  also  considered 
unrepresentative,  because  all  transects  and  observations  during  this  study  were 
conducted  during  daylight  hours  and  at  slack  tides. 

For  one  station  (FT  023038,  Thornet  Reef;  see  the  Appendix)  transects 
were  conducted  on  two  different  sampling  days  at  similar  mid-morning  times 
and  tidal  conditions.  The  second  transect  was  aligned  perpendicular  to  the 
first,  and  each  trunsect  line  began  on  the  patch  reef  and  extended  into  deeper 
water  (4.5-m  depth).  The  data  reported  were  similar  in  magnitude  for  both 
number  of  species  and  number  of  individuals;  however,  somewhat  more  species 
were  recorded  during  the  second  transect  than  the  first,  possibly  because 
observer  familiarity  with  the  fishes  improved  as  the  survey  progressed. 


DISCUSSION  AND  CONCLUSIONS 


The  most  obvious  pattern  to  emerge  from  the  fish  distribution  data 
concerns  the  abundance  and  diversity  of  fishes.  Both  the  number  of  individuals 
and  the  number  of  species  decrease  with  distance  away  from  the  pass  into  the 
lagoon. 

This  pattern  is  undoubtedly  a response  to  a variety  of  factors,  including 
availability  of  food  and  shelter.  As  with  the  coral  distribution  (Jokiel  and 
Maragos.  this  report)  and  the  distribution  of  water  composition  parameters 
(Smith  and  Jokiel,  this  report),  water  motion  obviously  plays  a major  role; 
the  one  central  lagoon  station  with  abundant  and  diverse  fish  fauna  is  also  a 
site  of  locally  accelerated  water  flow. 

A second  and  more  subtle  pattern  also  emerges  from  the  datu  when  the 
fish  species  are  examined  individually.  There  is  the  suggestion  that  remnant 
populations  of  fishes  commonly  found  to  inhabit  more  oceanic  conditions  may 
still  exist  in  the  lagoon,  particularly  along  the  western  side  of  the  lagoon  north 
of  the  present  pass.  Passes  in  this  area  have  been  closed  for  about  30  years 
(Henderson  et  ai , this  report),  a timespan  far  beyond  the  life  expectancy  of 
the  fishes  observed  during  this  survey. 


s 


There  are  several  apparent  anomalies  which  appear  in  the  case  of 
particular  species.  The  observed  distribution  of  the  convict  tarig,  Acanthurus 
triostegus , was  quite  unexpected.  Possible  explanations  for  this  anomaly  are 
food  availability  and  competition  with  another  species.  Lutjamts  J'ulvus,  the 
black-tailed  snapper,  was  another  species  for  which  the  recorded  distributional 
pattern  indicates  competition  for  food  or  habitat  with  other  species  (probably 
other  lutjanids).  The  Canton  Atoll  fish  fauna  appear  to  be  similar  to  those 
recorded  from  the  Line  Island  group,  especially  Fanning  Atoll  (Ch8ve  and 
Eckert,  1974). 


i 
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Appendix 


FISH  TRANSECT  AND 
OBSERVATION  DATA 


FO  007033 


FT  013049 


m«t«f« 

BOO  0 1000 


/, orator  Map.  Fish  transact  (FT)  anil  jhh  observation  (FO)  stations 
with  t/rld  system  locator  numbers. 


FOIw)  104094 
FO  108100 


Fish  Observation,  north  of  pass,  ocean:  FO  007033 

Surveyed:  9 Dec  73,  1330-1400  hours.  Tide:  incoming  from  high-low  (15  cm) 
at  1133  hours.  HIV:  21  m.  Observation  track  length:  60  m, 

Observation  area  general  description:  1 600  m north  of  lagoon  pass,  immediately 
offshore  of  intertidal  reef  shelf.  Depth  6 to  25  m.  Bottom  fairly  irregular 
with  greater  than  50%  live  coral  coverage.  Coral  types  very  numerous;  most 
predominant:  Paclllopora,  Monttpora,  Parties,  Parana,  Halamtira,  Herpolitha, 


Specie! 

Number  of  Individuals 

Estimated  average  length  (cm) 

Acanthurus  achilles 

S 

25 

* l xsnthurus  gkucoparetui 

4 

23 

Acanthurus  llneatus 

10 

23 

Acanthurus  trlostegus 

> so 

15 

Acanthurus  ipp.  (2) 

> 300 

18 

Acanthurus  xanthoptcrus 

10 

25 

A Miry  x sptnljcr 

s 

25 

Any  pronto  n leucvgrammlats 

3 

30 

A prion  vtre  see  ns 

6 

36 

Auhstomus  chtncnsls 

1 

46 

Balistapus  unduktus 

H 

23 

Caranx  melampygus 

6 

76 

Carchartnus  meknopterus 

1 

183 

Centropygr  htcolor 

2 

10 

Centropygr  flavisslmus 

to 

10 

Ccntropyge  lortculus 

10 

10 

Cephalophotls  argus 

6 

46 

Cephalopholls  urodelus 

4 

23 

Chaetodon  auriga 

S 

20 

Chat  tod  on  hennettt 

4 

18 

Chacnxlon  ephtpptum 

3 

18 

Chaetodon  klclnl 

> 20 

18 

Fish  Observation,  small  boat  marina,  lagoon:  FO(w)  014039 

Shoreside  observations,  in  marina  (underand  around  floating  docks) 
on  intertidal  reef  flats  nearby. 

6 Dec  73,  0900-0905  hours.  Tide:  slack  at  low-low  (27  cm).  HIV:  2.5  m, 

Total  Species:  11+ 


Species 

Number  of  Individuals 

Estimated  average  length  (cm) 

A cant hurut  trlostegus 

l 

13 

Acanthurus  xanthopterin 

> 10 

23 

Ballstidae  sp. 

5 

76 

Caranx  melampygus 

> 30 

25 

Chaetodon  aurlga 

2 

15 

Chaetodon  lunula 

1 

13 

Gymnothorax  plctus 

> 12 

64 

Labrldnc  spp.  (2) 

> 100 

6 

Mulloldlchthvs  samoensls 

8 

25 

Rhlnecanthus  aculeatus 

1 

18 

128 


I 

* 


I 


I 


6 


■ 


Fish  Transect,  south  of  Taylor  wreck,  ocean:  FT  013049 

Surveyed:  4 Dec  73,  1355-1435  hours.  Tide:  slack,  high-high  (1  m)at  1415 
hours.  HIV:  21  m.  Transect  length:  30  m. 

Transect  general  description:  Approximately  60  m south  of  President  Taylor 
wreck  (at  pass).  Depth  shoreward  5 to  6 m,  increasing  seaward  to  8-9  m. 
Bottom  mostly  boulder  and  Irregular  formations  of  dead  coral  and  rubble.  Live 
coral  covering  approximately  5-10%  of  bottom;  predominant  coral  types 
Pocillopora  and  Porites. 


Specie) 

Number  of  Individual) 

Eslimuted  average  length  (cm) 

Acanthurus  Itneatus 

> 100 

23 

A cant  hums  ollvaceus 

2 

20 

A cant  hums  «pp.  (2) 

> ISO 

18 

Carcharlmis  melanopterus 

1 

183 

Cen  tropyge  fla  vissimus 

7 

10 

Ccphalopholis  argus 

3 

25 

Cephalophotls  urodclis 

H 

20 

Chaetodon  auriga 

2 

13 

Chaetodon  uphippium 

1 

20 

Chaetodon  lunula 

1 

15 

Chaetodon  mcyerl 

2 

IS 

Chaetodon  ornatlssimus 

3 

18 

Chaetodon  quadrimaculatus 

5 

15 

Chaetodon  ulletensls 

2 

18 

Chromls  caeruleus 

♦6 

8 

Chrtmis  margar infer 

> 1000 

5 

Corts  gaimardi 

2 

10 

Ctenochaetus  strigosus 

> 500 

18 

129 


} 


Species 

Number  of  individuili 

Estimated  average  length  (cm) 

Epibolut  insldtetcr 

3 

18 

Eplnephetus  microdon 

3 

61 

Forciptger  longlrostrls 

1 

13 

Ubridae  ipp.  (2) 

> 100 

10 

Lut/anus  bohar 

13 

61 

Lui/anut  fiilvus 

20 

46 

Mtllchthys  vidua 

1 

IS 

Paracirrhites  xanthus 

3 

10 

Paruptncus  barbertnus 

3 

41 

Paruptncus  trifasctutus 

1 

25 

Plectrogyphidodon  dickli 

40 

8 

Pomacentrus  ip.  (yellow) 

> 10 

8 

Pomacentrus  nigricans 

> 100 

10 

Scarus  ipp.  (2) 

> 25 

23 

Tlialassoma  amblyccpltalus 

> 1000 

6 

Zanclus  canescens 

5 

18 

/.cbrasoma  scopas 

8 

15 

Specie!  observed  off  truniect : 

CMtlnus  undulatus 

4 

76 

Chlontrus  gibhus 

1 

91 

Lut/anus  monostlgma 

20 

46 

Scarus  »pp.  (2) 

> 200 

36 

130 


Fish  Observation,  northwest  corner,  lagoon:  FO  017010 

Surveyed:  6 Dec  73,  1015-1035  hours.  Tide:  incoming  from  high-low  28  cm  at 
0907  hours.  HIV:  1 .2  m.  Observation  track  length:  30  m. 

Observation  area  general  description:  Patch  reef  area  approximately  600  m off 
of  cantonment  area.  Patch  reef  about  10  m in  diameter.  Gentle-slope  sand  and 
coral  rubble  apron  around  leeward  (southwest)  base  of  reef.  Steeper  apron 
around  windward  side,  Reef  mostly  dead  coral,  approximately  1 0%  coverage 
of  live  coral.  Predominant  corals;  Acropora , Porltes,  Pocillopora,  und  Favla. 


oblirvitlon 


dud  cord  with  iporia  live  coral 


Total  Spaclu:  13+ 


Number  of  individuals 


Estimated  uvcraiic  length  (cm) 


Chactodon  attrlga 

2 

Chactodon  trlfasclatus 

1 

Chactodon  ulletcnsis 

2 

Chromls  caentlcus 

> 

30 

Ctenochaetus  stria  Ins 

B 

tiplntphelus  merra 

1 

Flammeo  sammara 

10 

Labrldae  spp.  (2) 

> 

30 

Lut/anm  kasmira 

2 

Pomaccntrus  nigricans 

> 

JO 

Scants  sordldus 

4 

Fish  Transect,  inuin  wharf,  lagoon;  FT  017041 

Surveyed;  1 Dec  73.  1330-1342  hours.  Tide;  outgoing  to  high-low  (.5  m)  nt 
1720  hours.  HIV;  1 1 m.  Transect  length;  30  m. 

Transect  general  description:  Transect  line  extended  from  swift  bout  pier  in 
offshore  (east)  direction.  Bottom  predominantly  of  sand  and  coral  rubble.  Most 
fish  on  and  uround  a pile  of  discarded  auto  tires  and  u mound  of  deud  coral. 
During  the  transect  observation  a tidul  current  of  approximately  1 knot  was 
present.  No  abundant  live  coral. 


iwllt  boat  plsr 


Species 


Arollimn  lllsphlus 
,-l  cantliurux  xanllmphrus 
C'aran.v  mclampyiius 
C'vHtropyitv  JlartssiHUts 
Cephalopholls  uroilclux 
CllUtltnlim  OHl  Ifltl 
ChaeloiioH  lunula 
Clirnmis  camilvus 
Clinimls  ntartiaritlj'cr 
(lobiiduo  sp. 

tlfiihniius  iHuiilinalwi 
Lubrlduc  up. 

Hhhitcanlliux  aciihalus 
Rlltmcaiilliux  rcctangulahis 
Sujjkmai  cliryxoph'rux 
Thalaxxmna  mnblyceplialus 
Tltalaxsiuna  turnin' 


Number  or  indlviduuls 


I 

5 

4 

1 

3 
7 

2 

31 

> 200 
so 

2H 

25 

2 

1 

2 

30 

4 


KjtlnuiloU  uveruge  length  (cm) 


33 

23 

41 

8 

20 

IS 

13 

8 

5 
4 

13 

6 
9 

IS 

13 

8 

13 


Fish  Transect,  off  swimming  pool,  lagoon:  FT  018020 

Surveyed:  I Dec  73,  1 155-1220  hours.  Tide;  outgoing  to  high-low  (.5  m)at 
1720  hours.  HIV:  2,3  m.  Transect  length:  30  m, 

Transect  general  description:  About  175  m offshore  (east  of  salt  water  swim- 
ming pool  site).  Many  patch  reefs,  mostly  of  10  to  70  m maximum  dimension 
Coral  coverage  less  than  10%  on  solid  surfaces.  Most  reef  areas  showing  thin 
layers  of  silt.  Holothurians  at  base  of  reef  edge  on  sand.  Dominant  coral 
types:  predominantly  ‘‘lobate."  rounded  coral  forms-/Yw7/<?.v,  Leptasttea  C), 
PocHlopora. 


Total  Speciei:  1 7 


Species 

Number  of  indivlduuls 

Estimated  average  length  tern) 

A canthurits  xanthopterin 

75 

25 

Ccplialopliolts  argtts 

6 

15 

Oiactodon  auriga 

3 

15 

Clicilodiplcrus  t/uini/iiclincata 

5 

K 

Onvmis  cacrntcus 

3 

6 

Ctcnochactus  strtalu  s 

4(1 

13 

Dascylhts  aruanus 

16 

H 

hpincpliclus  nicrra 

3 

20 

Gnbitduc  S|). 

> SO 

5 

Lubrlduo  sp. 

S 

10 

Monotaxis  grandoculir 

A 

13 

Poinacentrns  alhojusciatus 

25 

to 

1‘oinaccnlnis  coclcstis 

60 

H 

Pomaccntivs  nigricans 

20 

10 

Khinccanlhus  aculcatus 

5 

13 

Scarus  sordid  us 

5 

10 

Scams  sp. 

10 

13 

133 


Fish  Observation,  Spam  Island,  lagoon:  FO  018045 

Surveyed: l)  Dee  73,  1430-1450  hours.  Tide:  Incoming  to  high-high  (1.3  m)  at 
1821  hours.  HIV:  20  m.  Observation  track  length:  40  m. 

Observation  area  generul  description:  Area  immediately  to  east  of  lagoon  shore 
of  Spam  Island.  Varied  bottom;  at  shoreline  a slope  of  coral  shingle  extending 
down  to  25  m depth  wlice  bottom  is  composed  of  sand,  coral  rubble,  and 
scattered  corul  heads.  Further  north  and  east,  Acropom  and  Miltcpora  are 
very  abundant,  covering  up  to  30%  of  bottom,  Further  east  Poctllopora, 

Pnrih's,  Montipora , and  bavin  become  dominant  although  covering  less  than 
10'/  of  bottom.  Bottom  area  without  live  coral  is  primarily  of  medium  to 
large  size  corul  rubble,  ilerpolitlui,  /•'tingiu,  and  llalnniitra  are  also  relatively 
common  on  rubble  bottom.  Area  subjected  to  tidal  currents  (primarily  eddies) 
of  I to  3 knots. 


Spain  lilatid 


Sfecles 


Number  of  individuals 


Estimated  average  length  (cm) 


A cant  hums  gtaucoparetus 

to 

23 

A cent  hums  llneatus 

25 

23 

A cent  hums  trlostegus 

> 100 

15 

A cant  hums  xanthopterus 

> 100 

25 

Acanthums  spp,  (2) 

> 200 

IB 

Adioryx  spinlfer 

5 

20 

Amphlprton  chry top! ecus 

10 

10 

Anampscs  caemtco  punctatus 

3 

10 

Anyperodon  Icucogrammlcus 

7 

28 

Apr  ton  vlrescens 

2 

25 

Ballstapus  undulatus 

6 

20 

Ballstotdes  flavtmargtnatus  (?) 

3 

76 

Cantlilgaster  solandrt 

1 

B 

Caranx  melampygus 

> 30 

36 

Carcltarlmis  mclanopterus 

4 

102 

Centropyge  flavtsstmus 

12 

10 

Cephalopholls  argus 

15 

30 

Cephalopholls  urodclus 

8 

25 

Chaetodon  auriga 

15 

20 

Chactodon  bennettt 

25 

IB 

Chaetodon  ephlpplum 

5 

18 

Chaetodon  lunula 

to 

20 

Chaetodon  meyert 

4 

18 

Chaetodon  semeton 

2 

IB 

Chaetodon  trlfasctatus 

6 

18 

Chactodon  ulletensts 

12 

18 

Cheiltnus  undulalus 

5 

76 

Cheilodipterus  quinqueUncata 

6 

8 

Chromts  caeruleus 

> 300 

6 

Chromls  nurgarltl/'er 

> 100 

5 

Ctenochactus  strtgosus 

> 100 

18 

Dascytlus  amanus 

> 50 

6 

Dascyllus  trlmacutalus 

6 

10 

lipibotus  tnstdtator 

10 

20 

I'ptnephulus  merra 

12 

25 

b'plnephelus  mkrodon 

8 

61 

Onathanodon  spedosus 

2 

64 

Gomplwsus  vartus 

6 

10 

Gy  mnothorax  /la  vimarglnat  m s 

3 

97 

Gynmothorax  pictus 

2 

89 

Uemigymnus  meiaptems 

3 

18 

llemlrumphidue  sp. 

50 

30 

Henlochus  pumutatus 

to 

18 

Henlochus  vartus 

12 

15 

Labrldue  spp.  (3) 

> 75 

13 

Lahroides  bicolor 

1 

9 

Labroldes  dimldmtus 

5 

10 

Labroldes  rubrolabiatus 

2 

10 

Species 

Numbur  of  individuals 

Kiitmuted  avenue  lop  th  (cm) 

l.vllirlnus  »pp.  (2) 

6 

36 

l.ut/anus  boliar 

8 

41 

l.ut/anus  monosiigma 

12 

36 

Mcgaprotodwi  strlganxiilus 

8 

18 

Monotaxis  grandocuUs 

IS 

23 

Naso  hrci'lrosirts 

20 

25 

Paracirrbttn  arcatus 

10 

15 

Pvmpenvus  htfasclaius 

3 

20 

Pkvtraglypldadtm  tilckll 

> 25 

8 

Poinacentrus  coctcstls 

> 30 

8 

Pomatentrus  nigricans 

> 100 

10 

Ptcrots  ante  nnata 

8 

18 

PygoptUcs  U (acanthus 

1 

20 

Scarus  ghohhan 

2!) 

38 

Scams  frenatus 

IS 

23 

Scarus  pcctoralts 

30 

36 

Scams  sordblus 

> 25 

15 

Scarldue  spp.i'2) 

> 100 

20 

Suffltmen  chrysopterus 

B 

13 

Tltalassoma  amhlyccphalus 

> 300 

8 

ThaUassoma  hdrdwlcket 

10 

20 

Tlialassoina  tunare 

8 

20 

/ audits  cancsccns 

12 

18 

itebrasoma  scopas 

6 

15 

1 3b 


Fish  Observation,  dredge  channel,  lagoon:  FO  020044 

Surveyed:  7 Dec  73,  1 135-1 150  hours.  Tide:  near  slack,  high-low  (21  cm)  at 
0955  hours.  HIV:  10  m.  Observation  length:  30  m. 

Observation  area  general  description:  Dredged  channel  approximately  100  m 
wide  and  600  m long,  Southwestern  end  300  m from  mouth  of  muin  lagoon 
pass.  Subjected  to  tidal  currents  in  excess  of  5 knots.  Average  depth  5-6  m. 
Bottom  primarily  of  dead  coral  rubble  (to  boulder  size)  with  >10%  live  coral 
coverage.  Predominant  coral  types:  Podlhpora,  Moiitipora,  Halotnitra.  Elongate 
dredge  spoil  island  along  both  sides  of  channel.  Observation  track  parallel  with 
western  side  of  channel. 


Total  Sole  in:  2H 


Species 

Number  uf  individuals 

listimuted  uveruge  lenytli  (cm) 

Acantliurus  ip. 

> 500 

IS 

Adtnryx  spintfer 

2 

20 

Batistes  undulatus 

1 

20 

Centrvpyge  flavlsstmus 

10 

9 

Chaelodon  attrlga 

2 

21) 

Chaelodon  trlfaselatis 

i 

18 

Ctenoe/iaeliis  strums 

> too 

13 

(lymnothorax  flmitnerglnaius 

1 

114 

Lubridutt  .tpp.  (3) 

> 500 

13 

Myrlprtstls  munljan 

25 

18 

hnnacvntms  nigricans 

> 50 

10 

Scants  frenit/tis 

25 

18 

Scants  ghobban 

30 

25 

Scants  sordklus 

40 

13 

Star  us  ipp.  (2) 

> 200 

20 

Thatassom  amhlycephaltts 

> 150 

8 

/.audits  catwscvns 

4 

18 

Zebra  soma  scopes 

2 

20 

Fish  Observation,  seaplane  moorage,  lagoon:  FO  020056 

Surveyed:  2 Dec  73,  1405-1415  hours.  Tide:  outgoing  to  high-low  (0.5  m)  at 
1819  hours.  HIV:  6.5  m.  Observation  track  length:  50  m. 

Observation  area  general  description:  Dredged  bottom  immediately  offshore 
between  two  artificial  rock  groins  (abandoned  sea-plane  docks).  Bottom 
primarily  of  coral  rubble  and  concrete  block  debris.  Live  coral  sparse, 
predominantly  Poclllopotj 


rubble 


Tot«l  Sotclti  20+ 


Specie! 

Number  of  individuili 

Eitlmated  average  length  (cm) 

Abudefduf  glaucut 

10 

10 

A budefduf  phoenix  emit 

4 

9 

Abudefduf  terdkiut 

> 30 

13 

Acantbtrus  trtottegus 

> 40 

13 

A uanthurus  xanthupterus 

12 

23 

Caranx  melampygus 

3 

28 

Chaetodnn  auriga 

2 

13 

Chaetodon  lunula 

3 

13 

Clifton  valglentit 

2 

23 

t'ptnephelus  merra 

3 

13 

Flammeo  sammarc 

1 

13 

lutjanus  fulvut 

5 

23 

MuUoidtchthy*  samoemit 

> 40 

23 

Pomaeentrus  albofasclatus 

> so 

6 

Pomacentrut  nlgrlcam 

> 30 

10 

Rhtnecanthui  aculeatut 

10 

14 

Scarus  «pp.  (3) 

> 23 

13 

Stetho/ulH  bait  eat 

> 30 

to 

138 

___ 4 


Fish  Transect,  Coral  Gardens,  lagoon:  FT  021046 


Surveyed:  30  Nov  73,  1 135-1 155  hours.  Tide:  outgoing  to  high-low  (0.5  m)  at 
1619  hours.  HIV;  15  m.  Transect  length:  30  m. 

Transect  general  description:  An  area  of  abundant  and  large  patch  reefs  approxi- 
mately 500  m east  of  the  south  lagoon  pass.  From  the  edge  of  the  patch  reef 
area  toward  the  pass  the  bottom  becomes  more  uniform  in  depth  (approxi- 
mately 3-4  m)  and  coral  rubble  bottom  becomes  more  prevalent  as  the  pass 
is  approached.  The  transect  line  follows  the  reef  edge  to  coral  rubble  gradient 
and  is  an  area  subjected  to  tidal  currents  of  >2  knots.  Bottom  generally  of 
lurge  dead  coral  masses  covered  with  approximately  30%  live  coral  and  20% 
coral  rubble,  One  large  anemone.  Dominant  coral  types:  Pocillopora,  Mlllepora , 
Halomitru,  Pori  tvs,  Herpolitha , Fitnxia, 


Total  Spiel 1 1 62+,  ■ I io  lighted:  2 turtle*  <76  cm  ind  100  cm  carapace  linythi) 


Specie* 

Number  of  Individual* 

r.ilimuted  average  length  (cm) 

Adloryx  coudimacuhta 

2 

20 

Ad /oryx  splntfi'r 

2 

18 

A eanthurus  xanthoptmut 

6 

20 

Acaniliurus  sp. 

40 

IS 

A mphtprkin  chrysoptcrus 

6 

10 

Anypcnxlon  leucogrammkw 

3 

23 

Bal/stapiis  undulatus 

3 

IS 

Calotoitm  *p. 

9 

18 

Caranx  mdampygus 

20 

36 

Centmpyge  fUvttsimwi 

28 

9 

Cvphtlophotts  a rgwi 

2 

20 

Clwetodon  aurtga 

2 

15 

Chaetodon  beiowtii 

3 

13 

Chaetodon  irlfaselatun 

4 

15 

Chaetodon  ulletensls 

3 

15 

Chromts  matgaritifer 

> 100 

6 

Cliromts  caeruhw 

> 200 

6 

Ctenochaetus  strlgom 

> 60 

15 

Speeloi 

Number  of  individuals 

Estimated  sverage  length  (cm) 

(lompbosus  varlus 

H 

10 

Hcnlocbus  acumlnatus 

1 

IS 

Lubrldue  spp.  (>2  Juv.) 

40 

10 

labroldcs  dlmldlatus 

2 

10 

l.abroldcs  rubralahlatus 

3 

9 

l.uilanus  bohar 

2 

46 

Megaprotodon  strlgangulus 

1 

13 

Myrlprlstls  amaenus 

> 10 

18 

Myrlprlstls  murdjan 

> 23 

18 

Myrlprlstls  sp. 

2 

18 

Naso  brevlrostrts 

12 

2S 

Paraclrrliltcs  J'orstcrl 

6 

13 

Paraclrrliltcs  xanlhus 

2 

10 

Plcctroglypbldodon  dickU 

16 

6 

Potnaccntrus  coclvstts 

> 25 

8 

Potnaccntrus  nigricans 

36 

10 

Scarus  usrdldus 

7 

IS 

Scams  sp.  (juv.) 

> 30 

13 

Thalia  soma  ainblyccplwltts 

> 120 

B 

Tbaltasoma  hardwlckcl 

6 

18 

Tballosoina  spp.  (2) 

> so 

10 

/chraswna  scopas 

2 

10 

Ollier  species  sighted  in  uruu  udjucem  10 
ttunsee'l  urea  on  20  Nov  73  observation: 

Acanihums  triostegus 
A prion  vlrcscens 
llullstlduo  sp.  (>50  cm) 

Cbavtodon  cphlpplum 
Cbaciotlon  lunula 
Cbavtodon  mvyerl 
Cbavtodon  uniinacuhtus 
Uwilinus  undulatin' 
kplhuhn  insldialor 
llemlramphldae  sp. 

Hcnlocbus  pvrnmtaius 
Kyphosus  clnvraccns 
l.ctbrinus  sp. 

I.nt/anus  t'uli'iis 
l.m/anur  tnonostigma 
Monalaxts  grandolulls 
Pygoplllvs  diacanthus 
Scar  us  spp.  (adults) 

Thalassonw  lunarc 


Also  sighted:  2 turtles  (76  cm  and  100  cm  eurupace  lengths) 


40 


MVTVift 


Fish  Transect,  Thornet  Reef,  lagoon:  FT  023038 


Surveyed:  30  Nov  73,  1012-1 050  hours,  Tide:  incoming  to  low-high  (0.9  m) 
at  1044  hours,  HIV:  15-18  m.  Transect  length:  30  m. 

Transect  general  description;  Patch  reef  area  approximately  800  m east  of 
muin  wharf  area  and  300  m from  dredged  turning  basin.  Depths  in  surrounding 
area  4.5  to  9 m with  coral  pinnacles  and  patch  reefs  of  3 to  15  m diameter 
rising  to  within  a few  feet  of  the  surface.  Bottom  generally  of  sand  or  sand  and 
coral  rubble.  Dominant  coral  types:  Acropora,  Podtlopnra.  and  Mlllepora. 

This  area  was  subjected  to  tidal  currents  of  approximately  1 knot  during 
incoming  tides. 

Thornet  Raaf 


Aeroport, 
MU  It  port 


cor*l  rubbfi 
Total  Special:  30 


isolated  dead  and  live  coral  haadi 


Specie*  Number  of  Individuals 

Acantliuru!  IlniWUS  I 

Aiwilhurus  ip.  (now  species  Rundull)  > 725 

A canihurus  xanihoplcrus  1 0 

Ccmropyge  blcohir  2 

Ccmropyge  flavtulmus  6 

Ceplldlopholts  argut  2 

Ceplldlopholts  urodclus  I 

Chcllodlplerus  quliiqitellneata  5 

Chromls  caeruletis  > 1 00 

Chromlt  nurgarltlfcr  > 50 

Dascyllus  an, anus  > 80 

b'plnephelus  merra  I 

Gobildue  spp.  (3)  > 100 

Clompliosus  varlus  4 

Labridae  ipp.  (3)  30 

Mcgaprotodon  strlgangulus  I 

Mtmotaxis  grandoculit  5 

Paraclrrhltes  forsterl  3 

Parupencus  barberlnus  1 

Pomaccntrus  nigricans  45 

Scants  Jrcnalus  > 40 

Scarus  gliobhan  4 

Scants  sordid  us  > 25 

Scombcroldes  sanctl-pctri  5 

Sufflamcn  cltrysopterus  3 

Thallasoma  amhlyccphatus  > 1 00 


Kstlmuted  uverupe  length  (cm) 


r 


Fish  Transect,  Thornet  Reef  II,  lagoon:  FT  023038 

Surveyed:  4 Dee  73,  0935-0950  hours.  Tide:  incoming  to  high-high  (1  m)  at 
1415  hours,  HIV:  10  m.  Transect  length:  30  m. 

Transect  general  description:  Same  as  30  Nov  73,  FT  023038,  except  this 
transect  aligned  on  a north-south  orientation.  Dominant  coral  types:  Acropora, 
Poclllopora,  Montipora. 


Total  Spaclat:  44 


Species 

Number  of  Individuals 

Estimated  average  length  (cm) 

A can  t/turus  glaucopareius 

6 

20 

A canrhurus  xanthopterus 

3 

20 

Amphlprlon  chrysopterus 

12 

20 

Amphlprion  sp. 

2 

6 

Centropyge  Jlavtsslmus 

6 

9 

Cephalopholls  argus 

1 

20 

Cephalopholls  urodtlus 

2 

20 

Chaetodon  bennettl 

2 

15 

Ch  ae  lotto  n kle  Ini 

2 

13 

Chaetodon  trtfasciatis 

3 

13 

Chaetodon  ulietensis 

4 

13 

Chelllnus  undulatus 

1 

76 

Chromis  caeruleus 

SO 

6 

Chromls  margaritlfer 

> 25 

8 

Chromis  sp. 

> SO 

5 

Cirrhltklite  sp. 

1 

10 

Ctcnochactus  sp, 

7 

13 

Dascyllus  aruanus 

> 100 

5 

Dascyllus  trimaculaitts 

2 

25 

Specie* 

Number  or  individual* 

Eitimated  average  length  (cm) 

Kplnephclus  mma 

1 

15 

Gobildae  ipp.  (2) 

> SO 

5 

Uomphosut  varlui 

2 

10 

Gymnolhorax  flavimarginatus 

1 

122 

Labmidt  s dimid  lotus 

S 

11 

Labroide:  rubrokbktus 

2 

13 

Labridae  ip.  (|uv.) 

3 

10 

Mono  taxis  gromtocults 

2 

15 

Paractrrhtles  forstcri 

4 

14 

Pampeneus  barberlnus 

5 

IB 

Plcctroglyphldodon  dickil 

4 

9 

Pomacentrus  coolest  Is 

6 

6 

Ponutcentrus  nigricans 

> 100 

10 

Scams  fnnatus 

> 25 

13 

Scarus  sordid  us 

> 25 

13 

Scams  ipp.  (2) 

> 20 

20 

Stetho/ulls  bailee ta 

2 

8 

Syngnuthldac  *p, 

1 

9 

Thalassoma  amblyctphalus 

> too 

8 

Thalussorm  hardwtckel 

5 

18 

Thalassontt  lunart 

7 

15 

Zancius  canescens 

4 

15 

Ztbratoma  scopes 

2 

15 

i 


Fish  Observation,  southwest  lagoon:  FO  024053 


Surveyed:  6 Dec  73,  1445-1500  hours,  Tide:  incoming  to  high-high  (1.2  m)  at 
1641  hours.  HIV:  15  m.  Observation  track  length:  30  m. 

Observation  area  general  description:  600  m eust  of  shoreline  point  between 
old  Pan  Am  hotel  und  northernmost  seaplane  ramp.  Water  3 to  8 m deep. 
Bottom  with  large  ravines  (3-5  m deep  and  25-30  m across)  with  lengths 
running  east-west.  Extensive  and  diverse  coral  coverage  (estimated  >30%  of 
bottom  covered).  Predominant  coral  types:  Poclllopora,  Montlpora,  Porltes, 
Pavona,  and  Acropora, 


observation 


Total  Spades:  37+ 


Number  of  individuals 


Estimated  averuge  length  (cm) 


Acanlluinis  spp.  (2) 

> 

SO 

Cditrupyge  flc  Minus 

20 

Cephat'iphotis  argus 

10 

Chaetodon  attriga 

10 

Chavlodon  kldnl 

2 

Cliaelodon  lunula 

3 

Cliaelodon  irlfasdatus 

4 

Chaetodon  ultet  easts 

12 

Chanos chanos 

> 

40 

Clidllmts  undulatus 

5 

Cliromls  eavnileus 

> 

300 

Cliromls  margaritijer 

> 

50 

Ctenochadus  strlgosus 

> 

100 

Oascytlus  aruanus 

30 

Kplholus  Insldtaior 

5 

Hpinephelus  merra 

10 

Cpinephdus  microdon 

2 

(iomp/iasus  i ar/us 

5 

(Iradla  alhoiaarginala 

1 

Uynmoihons  ftavimarginatus 

3 

Hentoclws  acumtnatus 

> 

40 

Ubrldae  spp.  (2) 

> 

100 

l.ahroldes  dimidlams 

5 

l.ahroldes  ruhrolahlatus 

4 

Lutjanlduc  spp,  (2) 

6 

Mcxaprutodon  strigangulus 

2 

Myrlprlstis  spp,  (2) 

> 

20 

Ph’vtroxlyphidodon  dlckii 

30 

Pomacrllltus  nigricans 

> 

50 

Scorns  spp,  (2) 

> 

50 

Thalassoma  ainhlycephalin 

> 

200 

/. audits  cancscens 

5 

'i  f* 


Fish  Observation,  southwest  ocean  reef:  FO  027067 

Surveyed:  2 Dec  73,  1500-1510  hours.  Tide:  outgoing  to  high-low  (0.5  m)  at 
1819  hours.  HIV:  9 m.  Observation  track  length:  60  m. 

Observation  area  general  description:  Ocean  reef  intertidal  shallows,  approxi- 
mately 0.3  m deep.  Bottom  of  shallow  gullied  reef  rock:  coral  sparse,  pre- 
dominantly small,  isolated  Poclltlpora  heads,  Observation  track  parallel  to 
shoreline,  about  12  m from  shore. 


Species 

Number  of  individuals 

Estimated  uvertge  length  (cm) 

AbuJvfduf  glaucus 

5 

10 

Acanthtirus  trlostegus 

> 30 

13 

Carunglduc  up. 

2 

25 

Carcharlnus  melaiiopwrui 

4 

61 

Kuhlta  up. 

> JO 

18 

Lut.lunldue  »p. 

> 100 

8 

Lut/mis  bohar 

2 

25 

Thahmoma  hardwltkel 

3 

13  * 

Fish  Transect,  east  runway  end,  lagoon;  FT  041014 

Surveyed:  1 Dec  73,  1505-1515  hours.  Tide;  outgoing  to  high-low  (0.5  m)  at 
1720  hours,  HIV:  2 m.  Transect  length;  30  m. 

Transect  general  description:  On  sandy  shelf  approximately  200  m offshore 
and  1500  m southeast  of  east  end  of  main  runway.  30  m to  the  south  the 
bottom  begins  to  drop  off  steeply  to  the  deeper  lagoon  water  (4.5  m).  North 
end  of  transect  is  in  a shallow  stand  of  Acropora  formosa  coral;  the  southern 
250  m of  the  transect  is  over  bottom  of  sand  and  shell  and  coral  rubble.  All 
fish  except  gobies  were  sighted  in  the  northern  10  m of  transect. 


North  South 

Total  Special : 17 


Species 

Number  of  Individuals 

Estimated  average  length  (cm) 

A canthum  xanthoptctus 

20 

20 

Amblygablus  phalaena 

1 

6 

ChaetoUon  aurtga 

1 

18 

Climmti  twruleus 

40 

5 

Ovnorhatius  sirlaius 

1 

13 

b'plneplwlus  nwra 

1 

It) 

h'iammi‘0  tain  mar  a 

4 

11 

Cobllduc  sp. 

2 

6 

Labrldue  sp. 

5 

3 

I.ul/anus  fulws 

> 150 

23 

l.ul/anus  kasmlra 

12 

18 

PoiiwcfHtrus  nigricans 

3 

10 

Other  species  sighted  adjacent  to  urea 
shorowurd  of  transect  site  on  2 Dec  73 
observations: 


Alhuh  vulpes 
ArotHtan  hlspidus 

BallitMue  ip. 

Chelon  valgh  nils 
Crcntmugll  crcnlhbls 


46 


Fish  Observation,  palm  tree  row  intertidal  pond:  FO(w)  041063 
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Surveyed:  2 Dec  73,  1515-1530  hours.  Tide:  outgoing  to  high-tow  (0,5  m) 
at  1819  hours,  HIV:  Not  determined.  Observation  track  length:  200  m (waded), 


Observation  area  general  description;  An  intertidal  pond  complex  of  approxi- 
mately 300  m by  400  m.  Average  depth  when  surveyed  was  about  20-2S  cm. 
All  bottom  of  sand  with  sparse  coral  rubble:  no  live  coral.  Located  on  south- 
western shore  of  lagoon-side  slightly  to  west  of  “fisherman's  shack.”  Thin 
layer  of  algae  covering  about  40%  of  pond  bottoms. 


\ 


coral  ihlnglo 


Species 

Number  of  individuals 

L'lstimuied  uveruge  length  (cm) 

Abudtfduf  sordidus 

2 

13 

Arolhron  hlsptdus 

> 40 

13 

Carcharinut  mehnmptma 

7 

66 

Clwtoii  vdlglemls 

> 300 

18 

Crvnlmugil  cnnUabis 

> 300 

20 

k'ptoippheiis  uwrra 

1 

15 

(lymnotliora.x  p ictus 

1 

61 

l.utjams  films 

2 

18 

Also  slgliird  Calappa  Iwpatica  (box  crabs), 
about  6 Individuals  with  a mean  carapace 
width  of  9 cm, 
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Fish  Observation,  palm  tree  row,  ocean  reef:  FO  041065 


J 


Surveyed:  2 Dec  73,  1530-1540 

All  conditions  similar  to  southwest  ocean  reef:  FO  027067 


Total  specie*:  4+ 


Species 

Number  of  Individuals 

Estimated  average  length  (cm) 

Carungldue  ip. 

4 

69 

Cardtarbtus  melauoptt) us 

3 

25 

Lubrldac  spp.  (2) 

> 50 

R 

: 


i 


I 


Pish  Transect,  dredge  spoil  island,  central  lagoon:  FT  044048 

Surveyed;  30  Nov  73,  1530-1 600  hours.  Tide:  outgoing  to  high-low  (0.5  m) 
at  1619  hours.  HIV:  2-4  m.  Transect  length:  30  m. 

Transect  general  description:  Southern  tip  of  a linear  reef  which  terminates 
at  a dredge  spoil  island  about  200  m to  the  south  and  extends  approximately 
3000  m to  the  north.  Live  coral  is  very  sparse  (covering  less  than  an  estimated 
5%  of  hard  surface),  and  a brownish  (blue-green?)  algae  covered  substantial 
areas  of  the  reef  flat  shallows.  A major  portion  of  the  reef  appeared  to  be 
undergoing  active  siltation.  Many  holothurians  on  base  of  reef  slope  and  on 
fine-sand  bottom.  90%  of  fish  limited  to  reef  and  rubble  area.  Transect  on 
leeward  side  of  reef,  and  under  most  conditions  this  area  is  upwind  of ' he 
dredge  spoil  island  (which  is  heavily  populated  by  birds).  No  obvious  tidal 
currents.  Dominant  coral  types:  Millepora.  Parties,  Pocillopora. 


Eaii  W«»t 

Total  Specie*:  23 


Spade* 

Number  of  Individuals 

Intimated  uveruge  length  (cm) 

A canlhurus  xanthoptenis 

2 

IS 

Bullstidae  up. 

3 

46 

Chavtodon  cphtpplum 

1 

IS 

Cheltodlplerus  qulnqucllneata 

4 

s 

Chrvmts  caeruleus 

6 

6 

b'pinephelus  nwrra 

6 

IS 

Goblldae  «p. 

> 20 

5 

Rhinecanlhurus  aculeatu: 

2 

1 S 

Fish  observed  off  transect  on  adjacent 
reef  Hats  (IS  species): 


Species 

Sumbei  of  individuals 

Estimated  average  length  (cm) 

Acanthurklae  sp. 

> 

30 

20 

A mblygablut  phatarna 

1 

8 

Arolhron  hlspldus 

1 

46 

Baltuotdes  vlridescens  (?) 

2 

20 

Caranx  mclampygus 

1 

51 

Chaetodon  aurlga 

3 

18 

Chaetodon  lunula 

2 

18 

Hiellodlpterus  qulnquelineata 

2 

S 

Chramis  cacruleus 

> 

JO 

s 

Dascyllus  aruanus 

30 

s 

Kyphnsus  dnerascem 

2 

25 

Myrlpristls  sp. 

J 

15 

Pomaccntrus  coelcstis 

25 

6 

Pomaccntrus  nigricans 

> 

30 

8 

Mhlnvcanthus  aculcaius 

2 

15 

150 


I 


i 


i 


i 


Fish  Observation,  linear  reef,  central  lagoon:  FO  061041 

Surveyed;  6 Dec  73,  1234-1330  hours.  Tide;  incoming  to  high-high  (i. I m)at 
1553  hours.  HIV:  4.5-5, 5 m.  Observation  truck  length:  30  m. 

Observation  area  general  description:  Portion  of  one  of  the  main  line  reef 
complexes.  Area  surveyed  approximately  25  m wide  by  20  m long.  Mtllepura 
und  Acropora  extremely  abundant,  covering  more  than  80%  of  the  bottom, 
down  to  approximately  3 m.  Sand  und  coral  rubble  mound  on  deeper  bottom. 
Slight  current  0/a  knot)  heading  east. 


Acanthurus  spp,  (3) 

> 

200 

18 

Acanthurus  xanthopterin 

> 

200 

46 

Adioryx  tplnlfer 

4 

41 

BallstolJes  vtridescem 

4 

2$ 

Cannx  melampygus 

> 

12 

61 

Chaetodnn  write 

10 

18 

Chaetodon  ephlppium 

2 

18 

Chaetodon  lunula 

6 

IS 

Chaetodon  trifasclatus 

4 

IS 

Chaetodon  ultetensls 

8 

IS 

Chcitinus  unditlatus 

2 

41 

Cheilodiplerus  quinquelineata 

6 

8 

Ctenoehaetus  strigosus 

> 

ISO 

13 

Kpihulus  Insldiator 

12 

18 

k'plncphelui  metre 

J 

25 

Kptnvphvtui  mtcrodon 

8 

51 

Flemmeo  semmara 

25 

IS 

Onathodentex  aurcolineatun 

> 

200 

18 

Henlodtwt  acumtnatui 

> 

40 

18 

Htntochut  permutatus 

> 

20 

IS 

Henlochus  varlus 

> 

10 

15 

Uthrlnus  sp. 

12 

30 

l.utjamn  hohar 

> 

so 

36 

iMtjanu!  flih’us 

> 

300 

23 

I 

i 

i 

't 


3 

\ 

-i 

1 


i 


l 


i 
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Spec  lei 


Number  of  IndiviUuuli 


LC Ktimuted  average  length  (cm) 


1, claims  kasmira 

> 

200 

23 

l.ttrjamts  moiumlgma 

> 

75 

23 

Megafirolodnn  slrlgangitlus 

6 

18 

Monotaxh  grandocults 

30 

18 

Mullokilthlhys  aurl/lainitni 

> 

200 

30 

Mulloldlclilhys  samoensls 

> 

200 

30 

Myrliirlsils  knitted 

> 

10 

18 

Myrlpr  tills  «pp,  (2) 

> 

50 

18 

Pome  tnt  rut  cot  kills 

15 

8 

Pomtcentrus  nigricans 

> 

100 

8 

Scams  ipp.  (2) 

> 

30 

25 

/vhrasoma  vellferum 

6 

IS 

/ audits  canesccns 

5 

IH 

Fish  Observation,  south  central  ocean  reef:  FO  004071 

Surveyed;  2 Dec  73.  1030-1645  hours.  Tide:  outgoing  to  high-low  (0.5  m)at 
1816  hours.  HIV:  15  m.  Observation  truck  length:  15  m. 

Observation  urea  general  description:  Seuwurd  edge  of  200-m-wldc  reef  shelf 
(in  surf  zone).  Depth  Increasing  from  intertidal  zone  (0.6  m)  to  about  1.5  m. 
Bottom  of  gullied  beach  rock  with  spurse  live  coral,  mostly  small,  isolated 
Podlhpora  heads,  Observation  truck  perpendicular  to  shoreline.  Numerous  sea 
urchins  (Ik  Uliioiiwtra  sp.)  in  surf  zone. 


SpOCiUH 

Nu  niter  of  indivldtrd* 

Ostlmuled  uverupe  length  (cm) 

A hntlcfdtif  impart ihmiiUs 

to 

5 

A budrf'dnf  plmvill.vt'iislx  ( t) 

1 

8 

A hudv/'tittj'  Minikins 

> 20 

IS 

A tvnthurus  acli  lilt's 

> 40 

25 

A unit /writs  glatttvpanins 

> 12 

23 

Avanthnrus  liitcaitts 

> 20 

23 

Acimilhtnts  irloslfgus 

> 30 

13 

Acaniimrus  xanthophnm 

> 20 

23 

Acanthurus  *pp.  (>2) 

> 40 

23 

Atihryx  htictiguliaitts 

1 

10 

Kyphtmns  elnt'msit'iis 

15 

46 

himarcnirus  up.  (yellow) 

1 

9 

Hliiiltraitihux  rcctaiignlatits 

10 

to 

Scants  »pp.  (2) 

> 30 

30 
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Fish  Transect,  south  fisherman's  shack,  lagoon:  FT  0660066 


Surveyed;  3 Dec  73,  1345-1355  hours.  Tide:  outgoing  from  high-high  (0.9  m) 
at  1322  hours.  HIV:  3 m,  Transect  length:  30  m. 

Transect  genera!  description:  Patch  of  coral  (about  30  m in  diameter)  on 
shallow  sand  shelf  approximately  300  m offshore.  Mtllepora  covering  estimated 
30%  of  bottom;  Pontes  (large  rounded  heads)  covering  estimated  1 0%  of 
bottom.  Sand  bottom  very  shelly  with  some  coral  rubble.  Average  depth  0,6- 
0.9  m.  More  than  20  Trldacm  sp,  along  transect,  mostly  in  Parties  heads, 
average  size  15-20  cm, 


•<nd  and  coral  rubble  bottom  between  coral  haadi 


Total  Spade*:  1 7 


Specie* 

Number  of  individual* 

Lximated  uverugo  length  (cm) 

Acanthurux  irtostegus 

> 40 

10 

A can  tliurus  xanthoptents 

> 25 

30 

Ballsloldcs  I'lrldescens 

1 

25 

Chaeiodon  aurigo 

> 12 

15 

Chaeiodon  eph  ippium 

2 

15 

Chellodtptcm  qulnquellneala 

3 

8 

Ctenochaetus  slrlctus 

> 30 

13 

Eplnephelus  mem 

1 

15 

b'lammto  sammera 

1 

10 

GobUdue  ip, 

6 

8 

Labrlduc  tp.  (Juv.) 

20 

8 

Lut/anus  ftilvus 

> 14 

20 

Lull  anus  kasmlra 

6 

20 

Mono!  axis  grandocults 

1 

18 

Pomacentrus  nigricans 

3 

10 

Pomacentrus  ip.  (yellow) 

1 

8 

Rhlntcanthut  aculeatus 

2 

15 

1S4 


Fish  Observation,  east  central  lagoon:  FO  0850S3 

Surveyed:  6 Dec  73,  1 134-1  ISO  hours.  Tide:  incoming  to  high-high  (1.2  m) 
at  1553  hours,  HIV:  0.9-1, 2 m.  Observation  track  length:  30  m, 

Observation  area  general  description:  550  m southwest  of  shoreline  point,  half* 
way  between  north  and  south  poles  on  southeast  shore.  Small  patch  reef 
(about  1 5 m in  diameter)  mostly  of  dead  coral  surrounded  by  sandy  rubble. 
Live  coral  >5%,  Predominant  coral  types:  Purl  tvs  and  Favta  \ no  A cropora. 

Many  large  holothurians;  more  than  20  Tridacna  maxima, 


observation 


Specie# 

Number  of  individuals 

Eitlinatcd  average  length  (cm) 

Acantliitrus  xanthoplvrws 

25 

20 

Aruthron  hlspldus 

2 

46 

Chai  t xloH  aurtga 

8 

13 

Chaetodoii  oplitppiuin 

2 

18 

Oiatlodoii  iillftf/isls 

1 

10 

Clielludiptcrus  quinqucliiwaie 

1 

10 

Ctenocluttus  strlgom 

5 

13 

k'ptwphvtus  rnerm 

2 

13 

Gublidue  ip. 

6 

8 

t.utianusjhlnis 

12 

18 

155 


i 


Fish  Observation,  south  tide  flats,  lagoon:  FO(w)  104094 

Surveyed:  5 Dec  73,  1500-1515  hours.  Tide:  slack  at  high-high  ( 1 . 1 m)at 
1434  hours.  HIV;  not  estimated.  Observation  track  length:  about  30  m. 

Observation  area  generul  description:  Sandy  near-shore  shallows;  dry  at  low 
tide.  No  coral;  many  Cmthlum  shells  (live  and  dead).  Most  distant  station  in 
site  lagoon  from  main  puss, 


South 


obMrvatlon 


North 


Specie* 

Number  of  Indlvlduuls 

Kstlmuted  uverugo  length  (cm) 

Arothron  hlspkJun 

10 

18 

Canharinus  mclanopicrus 

5 

61 

C/if/oii  vatgli’tisls 

> 20 

IS 

CH'DlmuRlI  crrnllabls 

> IS 

IS 

Dutyuildiic  up, 

l 

76 

Mullldac  ipp,  (2) 

> 25 

25 

Gobllduc  ip. 

> so 

S 

Fish  Observation,  alpha  site,  ocean  tide  flats:  FO  108100 

Surveyed:  2 Dec  73,  1 720-1 740  hours,  Tide:  outgoing  to  high-low  (0.5  ffl)  at 
1819  hours,  HIV:  15  m +.  Observation  track  length:  100  m. 

Observation  area  general  description:  A small  embayment  on  the  extreme 
southeastern  tip  of  the  island.  Bounded  to  the  south  by  a 100  m+  wide  bund  of 
dead  coral  boulders  und  shingles,  bounded  to  the  north  only  by  a slight  seaward 
turn  of  the  coast.  Open  seawurd  (east)  to  the  reef  shelf  edge.  Embayment  urea 
approximately  100  ni  by  150  m.  Bottom  of  reef  rock  with  shallow  (1 5-20  cm) 
ruvlnes.  Approximately  10'/?  of  bottom  covered  with  loose  coral  shingle. 

Coral  (small,  isolated  Pocilh/toru  heads)  sparse.  Average  depth  30-40  cm. 


ra»f  rock 


Tot* I Sptclti:  11  + 


Number  of  individuals 


Estimated  average  length  (cm) 


Abude/'duf  amabllts 

1 

5 

A budvfduf  Imparipemiis 

12 

5 

Acanthum  trhstegus 

> 200 

8 

A can  ilium  xanthopterin 

3 

41 

Carcharinut  melanopierus 

1 

61 

Crenlmugll  creu/labls 

> too 

36 

(lymnotlwrax  plctus 

1 

61 

Lubrlduc  «pp.  (2) 

> too 

6 

Hhliwcanthus  rcctangulatus 

10 

13 

Synodontldac  sp, 

2 

10 
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ABSTRACT 


Micromollusks  in  sediment  samples  from  Canton  Atoll  are  described  in 
terms  of  three  assemblages;  seaward  reef;  outer,  clear  water  lagoon;  and  inner, 
turbid  water  lago-m.  The  seaward  reef  and  outer  lagoon  assemblages  are 
characterized  by  low  standing  crops,  high  species  diversity,  and  a preponder- 
ance of  microherbivores,  in  contrast  to  the  inner  lagoon,  where  there  are  higher 
standing  crops,  lower  species  diversity,  und  a strong  tendency  .owurd  suspension 
feeding,  The  dominunt  gastropods  in  the  lap.oon  are  members  of  the  family 
Diastomldae,  including  Dlalu  ftommea  and  species  of  Obtoniu  and  Scalhla. 

The  dominant  bivulves  are  curd  lids.  The  assemblages  at  Canton  resemble  those 
from  Fanning  Atoll  In  general  aspects,  such  as  standing  crops,  species  diversity, 
und  trophic  structure,  but  differ  notlceubly  In  species  composition.  Differ- 
ences in  species  composition  are  suggested  to  be  associated  with  differences  in 
water  chemistry. 


‘"'t  . V T,1 1 


INTRODUCTION 


Analysis  of  molluscan  distribution  patterns  at  Fanning  Atoll  showed  a 
clear  distinction  in  species  composition,  species  diversity,  und  standing  crops 
between  the  seaward  reefs  and  the  lagoon  (Kay,  1971 ; Kay  and  Switzer,  1974). 
WFhin  the  lagoon,  differences  umong  the  mollusks  of  the  lagoon  reef  flat, 
patch  reefs,  and  lagoon  floor  were  also  detected,  associated  with  substratum 
types,  water  chemistry,  and  turbidity  (Kay  and  Switzer,  1974).  Such  patterns 
are  of  niterest  because  they  provide  documentation  for  present  and  past 
ecological  parameters  of  atoll  reefs  and  because  they  are  a source  of  data  for 
both  biogeographical  and  faunistic  studies.  In  this  report,  patterns  of  distribu- 
tion at  Canton  Atoll  are  described  and  are  compared  with  observations  from 
Fanning  Atoll, 


METHODS 


Mollusks  from  Canton  Atoll  were  obtained  from  three  series  of  sediment 
samples.  One  sample  from  the  slopes  of  the  seaward  reef  on  the  lee  of  th“ 
atoll  and  six  samples  from  the  outer  lagoon  were  obtained  by  hand  retrieval  from 
depths  between  (>  and  35  m by  Dr.  J.  F.  Marugos  in  September  1973  (M 
stations,  Fig.  41 ).  Nine  samples  from  the  inner  lugoon  were  collected  by  Dr. 

S.  V.  Smith  from  dredge  hauls  at  depths  of  less  than  10  m (CL  stations.  Fig 
41 ) in  December  1973.  Two  samples  from  the  outer  lagoon  and  one  from  a 
“pond"  were  provided  by  Mr.  If.  B.  Cuinther  (t»  stations.  Fig,  41 ) in  December 
1973. 


figure  4 1 , .Hiol lc  province!i und 
mleromcillusk  sample  sites. 


Molltisks  from  the  sediment  samples  were  obtained  by  picking  shells 
from  standard  25  enr'  volumes  under  a binocular  dissecting  microscope.  Most 
of  the  nioliusks  retrieved  were  small,  less  than  10  mm  in  greatest  diameter, 
but  curdiid  bivalves  larger  than  10  mm  also  formed  a conspicuous  component 
of  the  ussembluges.  Species  diversity  (//),  calculated  from  the  function 
H - - £ />/logj />(,  and  standing  crops  were  obtained  for  all  samples  by  the 
methods  described  in  Kay  and  Switzer  ( 1 474),  Relative  abundance  (/;/)  values 
refer  to  percentage  composition  of  the  assemblages. 


RESULTS 


Ninety  species  of  molltisks  were  recorded  from  the  samples  from  ('anion 
Atoll,  The  samples  were  divisible  into  three  assemblages,  one  characteristic  of 
the  outer  slope  of  the  seaward  reef,  and  two  characteristic  of  the  lagoon.  One 
of  these  was  representative  of  the  outer  lagoon,  the  other  of  the  inner  lagoon 
(big.  41 ), 


Twenty  species  were  found  in  the  single  sample  from  the  slope  of  the 
seaward  reef  at  a depth  of  35  m.  Compared  with  the  samples  from  the  lagoon, 
this  assemblage  is  characterized  by  low  standing  crop  and  high  species  diversity 
(Table  22),  Microherbivores  predominate,  but  there  is  also  a high  proportion 
of  faunal  grazers.  Gastropods  constitute  ‘>3%  of  the  assemblage,  The  families 
Cerithiidae,  Rissoidae.  and  Tripltoridae  are  the  most  abundant,  forming  I I to 
21%  of  the  assemblage.  The  bivalves  are  represented  by  epifuunal  species. 

The  lagoon  is  divisible  into  two  sectors  on  the  basis  of  species  composition, 
standing  crop,  species  diversity,  and  trophic  structure,  The  outer  lagoon 
stations  (M  stations  and  G I and  2,  big.  41 ) are  characterized  hy  lower  standing 
crop,  higher  species  diversity,  and  a proportionately  greater  number  of  fauna! 
gra/ers  than  occur  in  the  inner  lagoon  (Tables  22  and  23).  Standing  crop 
averages  lM)  shells  per  enr* . and  the  species  diversity  index  ranges  from  1.2  to 
3.H,  Trophic  structure  is  predominantly  microherbivore,  with  a faunal  grazer 
component  comparable  to  that  of  the  outer  reef  sample. 

b'orty-nine  species  were  recorded  from  the  stations  in  the  outer  lagoon,  of 
which  24  were  restricted  to  this  sector  of  the  lagoon,  Gastropods  constitute 
lM)'<  to  ()l,'V  of  the  assemblages,  and  bivalves  average  about  5 ' of  the 
assemblages.  Species  composition  and  relative  abundance  of  the  various  groups 
are  shown  in  Table  22  and  big.  42  and  43,  The  dominant  gastropods  are  the 
Diastomidae,  represented  by  four  species  and  comprising  an  average  of  5(>' "<  of 
the  gastropods  in  each  sample.  Diala  Ihimmai.  the  most  abundant  diastomid. 
is  found  in  all  the  samples  and  averages  u.v;  of  the  diastonuds.  Uhtortin 


B gncn  as  percentage  composition-  * agaiTtes  lec  than  1%  of  the 


Table  23,  Trophic  structure  representing  uveruges  (In  percent)  from  cuch  area. 


Trophic  structure* 

Seaward  reef 

Outer  lagoon 

Inner  lagoon 

Herbivores 

63 

66 

34 

Faunal  graters 

23 

23 

+ 

Predators/  scavengers 

- 

1 

3 

Parasites 

- 

+ 

2 

Suspension  feeders 

10 

10 

40 

Note;  + signifies  less  than  1%  of  the  assemblages, 

•Herbivores  Include  arehaeogastropods  ( Tricolta , l.eptothyn),  rluoldi,  cerithlds,  dlastomlds,  etc,; 
faunal  graters  Include  trlphurlds,  cerlthloptidi,  and  murglnelltds  that  feed  on  sponges,  etc.;  predators/ 
scavengers  are  columbelllds,  turrlds,  and  others  of  the  neogaitropodt,  and  some  oplsthobranclis;  the 
pyramldelllds  are  considered  parasitic;  and  suspension  or  deposit  feeders  are  represented  by  bivalves. 


1 05 


/Htpnhh’s,  0.  sulclfmi . and  Ohtoiiio  s|V  arc  less  abundant  anil  less  frequent, 
each  const itnl inti  2 to  M of  the  gastropods  In  the  assemblages.  Other  promi- 
nently represented  gastropods  are  rissoids.  represented  largely  by  two  species. 
I‘(ir<)sl)icla  Ihrtsi  and  /'< inishichi  sp..  and  the  cerithid  llitrium  cf.glawtsum. 
Turbinids  of  the  genus  Lv/Uniliym,  the  opisthohrnnch  Actcnrinu  xunilw’lccn * 
sis,  and  pyramldelllds  each  constitute  uhout  of  the  gastropod  species. 
(Vrithiopsls  spp.  and  margincllids  (l;ig.  44)  and  triphorkls  are  frequent, 
occurring  in  five  to  seven  of  the  samples;  but  they  are  not  abundant,  The 
bivalves  are  represented  by  cardiidsand  tellinlds.  with  one  species  of  Conliimi 
representing  40C  of  the  bivalves  and  lellinids  42C  of  the  bivalves. 


Two  stations  are  somewhat  anomalous:  at  station  MIS  near  lire  pass  and 
station  M I on  a patch  reef,  diastomids  form  a conspicuously  lesser  proportion 
of  the  assemblages  than  they  do  elsewhere  in  the  outer  lagoon,  and  Hiltiiim 
a higher  proportion.  Station  M I also  lacked  cardiids. 


In  the  inner  lagoon.  45  species  of  mollusks  were  recorded . of  which  2<> 
were  also  found  in  the  outer  lagoon,  and  I 7 were  restricted  to  the  area,  Standing 
crop  averages  15.2  shells  per  cur1,  and  the  species  diversity  index  ranges  from 
1 .4  to  TO.  Trophic  structure  shows  a strong  tendency  toward  suspension 
feeding  (Table  2d  l.  although  microherbivores  are  slill  dominant.  The  relative 
abundance  of  gastropods  and  bivalves  is  shown  in  Table  22.  and  the  distribution 
of  relative  abundance  of  bivalves  and  diastomids  is  shown  m b ig.  42  and  4.V 


(iastropods  average  (td','  oil  he  assemblages  and  bivalves  average  571,',  love 
species  of  diastomid  are  present,  with  Dutht  Jhiniiitcii.  Olunriin  sitldU'Pi.  and 
Scdlinlo  spp.  represented  by  almost  equal  proportions.  Rissoids  and  eerithids 
each  occurred  in  five  of  the  nine  stations  but  averaged  only  2 and  4' ; of  the 
gastropods  in  the  samples.  Ixptothyni.  Ai  tcniimi.  and  pyramidellids are  found 
in  about  the  same  proportions  as  In  the  outer  lagoon.  Cardiids.  represented 
largely  In  one  species  oft  \mliiiin.  average  47' ; of  the  bivalves  in  the  samples. 

Three  of  the  nine  stations  vary  in  species  composition.  At  stations  Cl  2N 
and  Cl.  12.  in  the  northwestern  and  southeastern  sectors,  respectively,  the 
diastomids  constitute  only  41';  and  50'.'  of  the  gastropods,  compared  with  an 
average  of  NIC  in  the  other  samples,  and  there  is  an  apparent  concomitant 
increase  in  the  proportion  of  Ailo>i  //.•</.  represented  by  2 7c  and  I7C  of  the 
samples  (Table  22).  Suiliuhi,  which  constitutes  a significant  part  of  the 
assemblages  at  the  oilier  stations,  was  absent  at  stations  Cl.  2N  and  Cl.  2‘) 

(lug,  44).  At  station  CL  20  in  the  southeast ernmost  sector. gastropods 
constitute  ‘>7C  of  the  assemblage,  a figure  similar  to  t ho t of  the  assemblages 
in  the  outer  lagoon.  Variations  in  standing  crop  do  not  fall  into  a pattern  and 
are  assumed  to  depend  on  the  suhstiata  sampled  by  the  dredge. 


The  occurrence  of  three  distinctive  assemblages  of  niollusks  at  Cunton 
Atoll  piirulicls  that  reported  for  Fanning  Atoll  (ktiy  and  Switzer.  1 974). 

('union  and  Funning  Atolls  lie  in  the  sumo  blogcogruphleul  region  in  the  Central 
Pacific  and  have  a rather  similar  physiography  (Henderson  ci  al. , this  volume). 
Cunton.  like  Fanning,  is  a roughly  oval  atoll  with  u single  deep  puss  und,  like 
Fanning,  the  lagoon  Is  subdivided  into  two  sectors  by  line  und  patch  reefs.  At 
Fanning  the  equivalent  of  the  outer  lagoon  of  Cunton  is  un  urea  of  clear  water 
adjacent  to  the  pass  through  which  currents  of  more  than  5 knots  have  been 
recorded.  The  equivalent  of  the  Inner  lagoon  ut  Funning  is  un  area  of  turbid 
water  (Smith  cl  al.,  1 *>7 1 ).  Much  of  the  inner  lagoon  at  Cunton  Isulso  turbid 
(Smith  and  Jokiel.  this  report  >,  and  this  turbidity  may  be  the  water  quality 
parameter  most  closely  associated  with  t he  similar  mleromollusean  distribution 
patterns  recorded  at  Canton  and  Funning. 

At  both  Fanning  and  Canton  the  seaward  reel  slope  assemblages  are 
characterized  by  high  species  diversity,  low  standing  crops,  and  numerous 
faunal  grazers  represented  by  iriphorids.  cerithiopsids.  und  murginellids.  At 
Fanning  and  Canton  the  lagoon  assemblages  are  divisible  into  un  outer 
assemblage  and  an  inner  assemblage,  the  former  characterized  by  lower  standing 
crop,  higher  species  diversity,  and  a preponderance  of  epll'aunul  microherbivores, 
the  latter  by  higher  standing  crop,  lower  species  diversity,  und  a high  proportion 
of  suspension-feed ln^  mollusks,  In  both  lagoons  a dominant  component  of  the 
gastropod  assemblage  consists  of  the  family  Diustomlduc.  with  Diata  jlainmaa 
predominating  in  the  outer  lagoon  tcleur-wuler  area  at  Fanning)  and  species 
of  Ohmriln  characterizing  the  inner  lagoon  (turbid-water  urea  at  Fanning). 
Among  (lie  bivalves,  tellinids  predominate  in  the  outer  lagoon  at  Canton,  us 
they  do  in  the  dear-water  areas  of  the  lagoon  al  Funning, 
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Differences  between  the  moliuscan  assemblages  of  Canton  and  Fanning 
ure  us  striking  as  ure  the  similarities,  but  the  differences  appear  to  be  primarily 
in  species  composition  and  dominance  patterns.  It  is  tempting  to  suggest  that 
wuter  composition  other  than  turbidity  muy  account  for  the  differences: 
Fanning  is  predominantly  a low-salinity  atoll  (Smith  and  Pesret,  1974),  while 
Canton  is  dominantly  hypersaline  (Smith  and  Jokiel,  this  report). 

The  distinguishing  features  of  motluscun  species  composition  in  the 
lagoon  at  Fanning  ure  the  inordinute  numbers  of  the  phasianellld  Trlcolto 
variability  which  occurs  on  the  reef  Hats  and  extends  onto  the  patch  reefs  of  the 
central  lugoon,  and  the  lesser  but  notieeuble  numbers  of  McrcUna  sp.  A., 
Li'ptnfhym  sp.,  and  Ilaplncochllus  whiutlsslmtis  (Kuy  and  Switzer.  1974).  All 
four  species  occur  ut  ('unton.  but  ure ‘neither  abundant  nor  frequent:  u total 
of  37  specimens  of  Tricnlla  was  recorded  at  Canton,  compared  with  several 
thousand  at  Fanning.  All  four  species  ure  presumably  microherbivores,  and  ut 
Funning  ure  conspicuously  absent  or  few  in  numbers  on  the  lugoon  floor. 

Five  species  distinguish  the  species  composition  ut  C’unton:  lilttitmi  cf. 
xlarctmnu,  Scallnla  spp..  Pamhida  bcctsl,  Pamhida  sp.,  und  u curdlld,  Blttium 
Itlarcnxttm,  Scallnla,  und  Pa  rash  Ida  sp.  were  not  recorded  at  Fanning:  CanlUmi 
sp.  und  Pamhida  bvctsl  were  present,  but  not  In  the  numbers  recorded  ut 
Canton.  At  Canton,  liiiihtm  and  Pamhida  sp,  are  almost  entirely  restricted 
to  the  outer  lugoon;  Canlluni  sp,  occurs  In  both  the  Inner  and  outer  lugoon. 
but  is  relatively  more  ulnmdunt  in  the  inner  lugoon;  and  Scallnla  wus  found 
only  in  the  inner  lagoon.  Of  the  five  species,  the  habits  of  only  the  curd  lid  ure 
sufficiently  known  to  suggest  a reason  for  Its  predominance:  curd ikls  ure 
infuunal  suspension  feeders,  und  their  occurrence  muy  be  associated  with 
peculiarities  of  the  substrutu  at  (’union. 

V 'thin  the  lugoon  at  Canton  anomalies  in  distribution  patterns  occur 
most  Jtlceubly  In  the  inner  lugoon,  where  Scallnla  Is  conspicuously  ubsent 
from  .wo  stations  (CL  2K  und  CL  29).  and  where  there  is  u lower  proportion 
of  bivalves  relative  to  gastropods  ut  a third  station  (CL  20),  Hxplunutions  for 
the  anomalies  arc  not  rcudily  apparent.  The  two  stut ions  where  Scallnla  Is 
absent  are  in  a disturbed  sector  of  the  lugoon  near  an  old  puss,  Their  presence 
ut  stations  CL  12  und  CL  20,  which  ure  ulso  in  the  reglonsof  old  pusses, 
would  preclude  the  explanation  for  their  nonoccurrence  ut  stut  ions  CL  2b 
und  CL  29  us  being  due  to  oceanic  water  or  outer  lugoon  conditions,  The  high 
proportions  of  gastropods  relative  to  bivalves  ut  station  CL  29  does  suggest, 
however,  that  oceanic  or  outer  lugoon  conditions  characterize  this  ureu, 
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ABSTRACT 


Reconnaissance  sampling  of  isolated  bodies  of  water  on  Cunton  island* 
revealed  u pattern  in  salinities  related  to  the  physiography  of  the  channels  and 
Hats  of  the  island.  Moderute  salinities  between  13  and  18  o/oo  typified  channel- 
bed  ponds,  while  lower  salinities  (less  than  8 o/oo)  typified  potholes  and  water- 
filled  burrows  on  the  surrounding  flats.  Highest  salinities  (greater  than  24  o/oo 
and  up  to  152  o/oo)  were  encountered  in  two  larger  ponds,  in  lagoon  tidal 
channels,  und  in  a saltern.  A wide  variation  in  concentration  of  nutrients  and 
chlorophyll  a suggests  ecological  dissimilarities  stemming  either  from  salinity 
differences  where  such  differences  are  great  or  from  variations  in  biological 
community  development  owing  to  vagaries  in  colonization  or  previous 
environmental  histories  or  both. 


•Thu  term  "('union  Inland"  rvfcrn  Hi  the  largcit  land  mum  «f  Canton  Atoll. 


INTRODUCTION 


Becuuse  atoll  soils  are  typically  highly  permeable,  stunding  bodies  of  water 
are  rare  features  of  the  atoll  terrestrial  environment,  Large  Islets  with 
substantial  Inputs  of  freshwater  in  the  form  of  precipitation  will  develop 
groundwater  bodies  of  the  Ghyben-Herzberg  type  (Cox,  1951),  The  extent  of 
fresh  or  brackish  water  in  aquifers  of  this  type  depends  on  complex  relationships 
between  rainfall,  evaporation,  islet  size,  sediment  permeability,  and  tidal 
range.  Atoll  Islets  are  low  In  profile;  topographical  depressions  may  expose 
portions  of  the  water  table,  resulting  in  the  formation  of  ponds  or,  under 
special  circumstances,  even  streams  (Gulnther,  1971),  The  chemical  compo- 
sition of  water  In  such  ponds  muy  not  always  coincide  with  that  of  the 
groundwater  in  the  Immediate  vicinity,  because  surface  water  is  subject  to 
different  rates  from  the  groundwutor  in  Input  (rainfall,  seepage,  tidal  Inflow), 
output  (evaporation  and  outflow),  and  biogeochemical  alteration.  Nevertheless, 
exposed  bodies  of  water  on  atoll  islets  are  ecologically  Interesting  and  can 
also  be  used  to  indicate  uppermost  groundwater  conditions.  Freshly  dug  wells 
serve  as  the  most  simple  means  of  sumpling  groundwater  directly. 


METHODS 


Salinity  observations  on  standing  bodies  of  water  at  Canton  Island  were 
mudo  between  4und  1 1 December  1973,  in  addition,  water  samples  from 
selected  sites  were  analyzed  lor  NO,, . NIU , P04 , Si.  and  phytopigments,  Sali- 
nity measurements  were  of  two  types,  Sulinlties  were  determined  In  the  field 
by  measuring  the  refractive  index  of  small  quantities  of  water  with  an  American 
Optics  hand-held  refructonicter.  At  some  stations,  water  sumples  were  collected 
and  tlie  salinity  determined  in  the  lab  by  comparing  the  sample  conductivity 
with  that  of  a known  standard  (Smith  and  Jokiel.  this  report).  This  latter 
method  yields  more  precise  (but,  at  low  salinities,  not  necessarily  more  accurate ) 
results  than  does  the  refract  ivity  method,  The  results  of  both  types  of  salinity 
determinations  are  presented  in  Table  24,  When  both  methods  were  used  on 
the  same  samples,  the  values  derived  by  refruclivity  were  about  1,5  °/oo  lower 
than  the  values  derived  from  conductivity  analyses.  Although  analytically 
Interesting,  this  difference  does  not  change  the  hasle  interpretations  of  the 
data. 
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Tuble  24.  Station  description*  und  salinities. 


Salinity  (°/oo)* 


Station 

Description 

Dute 

Time 

A 

8 

1 

Content-lined  sump  adjacent  to  lagoon  bcuclt, 

12/3 

1630 

6.5 

NASA  site  (abandoned) 

2A 

Sump  hole  at  crusher  plant  (In  use) 

12/10 

pm 

26 

2B 

Gravel  pit  behind  shingle  berm  (ocean)  at 

12/10 

pm 

4.5 

crusher  plant 

3 

Old  man-made  trench  In  flat,  about  2 km  SK  of 

12/10 

pm 

6 

crusher  plant 

4 

Small  ordnanco  craters  on  flat 

12/8 

um 

2.5-12.3 

3A 

Shallow  depression)  seaward  side  of  flat 

12/8 

am 

6.5 

12/1 1 

0900 

3 

31) 

Cardlioma  burrow  und  seepage  beneath 

12/8 

um 

2 

consolidated  shingle  rise  adjacent  to  3A 

6 

Small  ordnance  craters  on  flat 

12/8 

um 

0 

7 

Small  ordnuncc  craters  on  flat 

12/8 

u nt 

4-5 

8 

Muderule-iir.cd  pond  In  depression  on  flut 

12/6 

1830 

17.52 

(natural  channel) 

12/8 

0810 

12.5-14 

14.68 

12/8 

1410 

14 

12/8 

1630 

16.02 

12/11 

1000 

13 

9 

Sntull  ordnance  craters 

12/8 

pm 

0-5 

10 

Shullow  depression,  seaward  aide  of  flat 

12/8 

pm 

2 

II 

Shallow  depression  on  flut  (natural  chunnel) 

12/8 

pm 

13 

12 

Small  ordnuncc  craters 

12/8 

pm 

0.5-2 

13 

Small  pond  In  depression  on  Hut  (natural 

12/8 

pm 

14 

chunnel) 

14 

Large  ordnance  crater  on  Hut 

12/8 

pm 

0.5 

2.04 

12/10 

1 100 

2.22 

13 

Lurgc  ordnance  crater  on  flut 

12/8 

pm 

0 

12/10 

1 loo 

2.02 

16 

Small  putholes  und  (.'anliunm  burrows  on  flut 

12/3 

1615 

1-2 

17 

Shullow  pond  in  depression  on  fiul  (nutural 

12/10 

am 

15.5 

chunnel) 

1 HA 

Modem tc-slxed  pond  behind  lagoon  beach  In 

12/3 

1600 

13.5 

nulurul  chunnel  Icudlng  to  flat 

181) 

CarUlsuma  burrow  adjacent  to  1 HA 

12/3 

1600 

8 

19 

Shallow  hole  dug  Into  dry  chunnel 

12/5 

1615 

3 

20 

Shallow  depression  (man-made?)  in  llut  adjacent 

12/0 

1240 

17 

18  95 

to  Green  Pond 

21 

Seepuge  Itom  beneath  beuchrock  rim  beside 

12/5 

1015 

8-12 

Green  Pond 

12/6 

pm 

10.31 

22  A 

Green  Pond;  lurgest  “pond"  on  ('union 

12/3 

1000 

71 

221) 

Chunnel*  In  cyunophyle  mat  extending  outwurd 

12/5 

1000 

82 

trom  shore  of  Green  Pond 

22C 

(Wtoiw  burrow  in  dry  chunnel  leading  Nil 

12/3 

1000 

108 

from  Green  Pond  basin 

23 

Clear  Pond,  second  largest  “pond"  on  Canton 

12/5 

1125 

24 

12/6 

1220 

26.84 

12/8 

0940 

27,92 

12/10 

1030 

29.27 
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Tuble  24,  (Contd) 


Station 

Deuription 

Dutc 

Time 

Salinity  (°/oo)* 
A U 

24 

Hoi*  dug  Into  canter  of  large  (all  pan  inulturn ) 

12/5 

1530 

152 

25 

Canlttoma  burrow  on  flat  just  beyond  edge  of 

12/5 

1530 

11 

salt  pan 

26 

Tldul  channel  on  lidul  llut 

12/5 

1130 

43 

27 

Tidal  channel  at  SE  head  of  tidal  flat 

12/5 

1140 

41-43 

12/5 

1500 

38.5 

28A 

CanJItoma  burrow(  at  edge  of  flat 

12/5 

ISIS 

2 

12/tO 

1000 

0.5 

28  B 

Water  on  low  part  of  flat  periodically  exposed 

12/10 

1000 

14 

29 

Shallow  trench  (man-made)  on  Hut  adjacent  to 

12/5 

1450 

H 

road  crowing 

30 

Tidal  channel  In  tidal  llut  (went) 

12/6 

1045 

42 

43.42 

31 

Tidal  llut 

12/6 

1030 

43,S 

‘Salinity  A me  mured  In  the  Held  ualng  u ret'riiutomotcr ; Salinity  B memured  In  the  tub  front  u bottled 
(ample  on  u conductivity  meter. 


OBSERVATIONS 


Small,  exposed  bodies  of  water  on  Cun  ton  Island  ure  restricted  largely  to 
the  east  and  southeast  portions  of  the  ixiutid,  This  distribution  appears  to  be 
u consequence  of  the  factors  which  Initially  built  the  island  above  the  reef 
base,  although  construction  of  fortifications  during  World  War  II  sufficiently 
disrupted  the  ground  surface  along  the  northwest  and  northeast  portions  of  the 
island  so  that  the  original  topogruphy  there  Is  obscured.  The  absence  of 
surface  water  on  other  parts  of  the  Island  does  not.  of  course,  rule  out  the 
occurrence  of  fresh  or  brackish  groundwater  there. 

The  sampling  sites  established  during  this  study  are  shown  in  Fig.  45  and 
4b.  These  stations  ure  described  briefly  In  Table  24,  Although  an  appreciable 
runge  of  salinities  wus  encountered  (from  0 to  b2  °/oo),  a pattern  in  die 
distribution  of  surface  waters  does  emerge.  This  pattern  is  related  to  the 
physlogruphy  of  the  flats  on  which  most  surface  w >ier  occurs,  Low  ground 
between  the  seaward  beueh  berm  (normally  the  highest  part  of  the  island ) and 
the  lagoon  beach  occurs  in  the  form  of  extensive  flats  (lightly  stippled  areas 
m Fig,  4b).  The  detailed  origin  of  these  flats  Is  unclear,  but  they  are  most 
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Figure  45.  Canton  Island,  showing 
wuter  sample  sites  1-3. 


certainly  the  work  of  seawater  flowing  onto,  across,  or  between  ancient 
islands.  The  flats  are  morphologically  similar  to  those  described  on  Fanning 
Atol!  by  Guinther  (1^71)  and  on  Diego  Garcia  Atoll  by  Stoddart  and  Taylor 
{ 1 7 1 ).  but  the  Canton  flats  differ  in  not  having  a regular  tidal  flow  of  lugoon 
water.  Evidence  fora  higher  stand  of  sea  level  at  Canton  (either  eustatie  or 
tectonic)  may  be  found  in  the  extensive  escarpment  of  detrital  limestone 
surrounding  the  lagoon  and  bordering  portions  of  the  inland  tints.  The  vertical 
relief  of  the  limestone  exceeds  2 m in  some  places.  A consequence  of  the 
subsequent  lowering  of  relative  sea  level  was  to  strand  the  Intert idally  or  sub* 
tidally  formed  Hats  above  the  present  influence  of  tldul  wuter. 

The  possibility  of  present-day  seawater  incursion  onto  the  flats  during  the 
seasonal  higher  level  of  the  seu  at  Canton  seems  unlikely,  Our  visit  coincided 
with  the  month  of  maximum  average  sea  level  t December),  yet  the  flats  were 
above  any  tide  level.  Nonetheless,  particularly  large  positive  deviations  in  sea 
level,  associated  with  strong  equatorial  countercurrent  transport  (Wyrlki. 

I‘>73).  might  allow  occasional  tidal  flow  across  the  flats.  Therefore,  formation 
of  these  flats  at  present  sea  levels  cannot  he  ruled  out. 

Active  tidal  flats  wiih  well-delimited  tidal  channels  are  restricted  to  one 
large  inlet  at  the  extreme  southeast  end  of  the  lagoon  (stations  2b.  27,  30,  and 
3 1 in  Fig.  4o)  and  to  several  smaller  areas  separated  front  the  lagoon  by  sandbars. 
The  stranded  inland  flats  slope  gently  toward  more  or  less  central  dry  channels 
whose  courses  are  eventually  lagoonwurd.  These  channels  apparently  conned 
the  inland  flats  to  the  lagoon,  although  the  present  lagoon  beach  Is  not  broken 
where  the  channels  contact  the  shore.  De-pile  the  lac)  direct  evidence  indi- 
cating tidal  flow,  the  channel  beds  of  the  inland  flats  are  clearly  demarcated  in 
most  places  and  appear  to  be  influenced  by  recent  surface  flow,  Torrential 
rains  during  the  l()72-l')7.1  period  of  high  rainfall  may  account  lor  these 
features. 


I7H 


Thu  surface  of  the  inlund  flats  is  u continuous  sheet  of  detritul  limestone, 
generally  less  than  I cm  thick  and  apparently  formed  in  situ.  In  the  channel 
beds,  this  hard  pan  surface  Is  overlain  by  thin  crumbly  crusts  (dried  eyunophytes); 
terrestrial  macroscopic  plants  ure  rare.  Over  the  remainder  of  the  Hats,  excepting 
areas  occupied  by  standing  water,  plants  are  abundant  and  contrast  sharply  in 
their  growth  and  green  coloration  with  the  same  species  occurring  on  higher 
ground.  The  healthier  condition  of  plants  on  the  Huts  (where  the  grusses 
Lephirus  spp.  dominate)  Indicates  the  proximity  of  groundwuter  to  the  land 
surface  in  these  areas.  In  fact,  tidal  fluctuations  of  the  groundwater  cause  it 
to  emerge  periodically  in  some  locutions;  the  water  table  can  he  seen  reudily  in 
burrows  of  the  land  crub  Canllsumu  curnlj'vx  and  in  shallow  depressions  on 
the  Hats. 


Most  of  the  exposed  bodies  of  water  associated  with  the  Hats  full  into  one 
of  two  groups  based  on  location  relative  to  the  channels  crossing  the  flats. 
Those  bodies  of  water  located  in  the  channel  beds  had  salinities  between  13 
and  18  o/oo,  Bodies  of  water  not  located  in  the  channels,  but  found  elsewhere 
on  the  flats,  had  salinities  ranging  from  0 to  8 o/oo,  Some  exceptions  may  be 
found,  particularly  in  areas  associated  with  Green  Pond  (station  22).  Clear 
Pond  (station  23).  and  the  salt  pan  (station  24), 


Differences  in  salinities  between  ponds  in  the  channel  beds  and  ponds 
uway  from  the  channels  on  the  flats  may  be  related  to  surface  How  patterns. 
Perhups  tidal  water  occasionally  enters  the  channels  during  exceptionally  high 
tides  that  are  coincidental  with  anomalously  high  sea  levels.  Groundwater  flux 
may  also  differ  in  the  two  types  of  ponds.  Seme  evidence  of  low-salinity 
groundwater  entering  the  pond  at  station  8 exists  in  the  series  of  salinity 
determinations  made  there.  Salinities  in  this  pond  appear  to  fluctuate  diurnally. 
with  salinities  of  about  1 4 o/oo  occurring  In  the  morning  and  salinities  of 
uround  I 7 °/oo  resulting  in  the  evening  after  a daytime  period  when  evapo- 
ration apparently  exceeds  the  influx  of  groundwuter. 


During  the  period  of  our  stay,  evaporation  exceeded  any  groundwuter 
Influx  to  Clear  Pond  (station  23)  so  that  this  large  pond  increased  In  salinity  at 
a rate  of  neurly  I °/oo/day.  This  rate  of  increase  is  probably  short-term.  Wuler 
samples  collected  from  Clear  Pond  approximately  once  each  month  between 
January  and  October  074  revealed  that  the  salinity  fluctuated  between  25 
and  37  o/oo.  In  general,  low  salinities  coincided  with  months  of  high  ruinfull. 

At  one  time  the  pond  basin  was  observed  to  contain  no  surface  water,  a circum- 
stance probably  resulting  from  an  exceptionally  low  tide  rather  than  from 
evaporative  water  loss.  During  our  short  stay  on  Canton,  the  water  level  In 
Clear  Pond  could  be  seen  to  fluctuate  daily,  although  these  fluctuations  were 
considerably  out  of  phase  with  the  lagoon  tide. 


Salinity,  nutrient  content,  and  the  suspended  chlorophyll  content  ol' 
eight  selected  ponds  und  one  lagoon  inlet  station  are  presented  in  Table  25. 

The  stations  have  been  arranged  in  order  of  increasing  salinity.  The  only  pattern 
relative  to  salinity  which  emerges  Is  that  the  silicate  concentration  decreases 
slightly  with  increasing  salinity  up  to  approximately  normal  seawater  salinities, 
and  then  increases  sharply  with  Increasing  hypersalinity.  The  highest  levels 
of  nitrate,  ammonia,  phosphute,  and  silicate  were  found  at  station  24.  a 
shallow  well  dug  down  to  the  water  table  ut  the  bottom  of  a natural  salt  pan. 
With  scattered  exceptions,  nutrient  levels  in  all  the  ponds  sampled  were  within 
the  range  of  concentrations  observed  in  the  Canton  Atoll  lugoon  (Smith  and 
Joklel,  this  report).  Chlorophyll  a concentrations  varied  over  a range  from  less 
than  I to  over  3000  pg/litcr.  The  highest  values  were  in  two  samples  obtained 
from  Green  Pond  (station  22),  and  one  sample  from  the  crater  pond  (station 
15).  Green  Pond  had  a dense,  deep  green  color  which  obscured  visibility 
beyond  a depth  of  10  cm, 
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Stations  14  and  15  present  a particularly  curious  situation.  These  two 
separate  bodies  of  water  are  located  within  5 m of  each  other  on  the 
flat  (Fig.  45).  liach  is  a small  crater  about  I m across  and  0,5  in  deep;  both 
were  apparently  formed  by  ordnance  explosions.  Salinity  differed  only 
slightly  between  the  ponds  in  December,  but  water  at  station  14  was  clear, 
while  that  at  station  1 5 was  bright  green.  A comparison  of  chlorophyll  a 
concentrations  (Table  25)  reveals  the  magnitude  of  the  difference  in 
phytoplankton  almndunces.  The  pond  at  station  14,  with  the  lowest 
chlorophyll  a concentration  of  all  samples  taken,  showed  relatively  low 
levels  of  ammonia  and  phosphate,  but  moderately  high  concentrations  of 


nitrate.  The  nutrient  concentrations  ut  slut  Ion  15  were  reversed,  with  modcr- 
ate  levels  of  both  ammonia  ami  phosphate  and  low  levels  of  nitrate.  Silicate 
concentration  was  very  high  ut  stution  15  and  consequently  did  not  I'll  the 
sullnlty-to-.illleute  relationship  apparent  In  the  other  samples. 

The  general  distribution  of  chemical  nutrients  in  the  aquifer  cannot  he 
determined  from  the  data  collected.  Samples  for  the  analyses  reported  were 
taken  from  open  bodies  of  water  in  all  hut  one  case  (station  24),  and 
biological  activity  In  the  ponds  certainly  alters  the  dissolved  nutrient  concen- 
trations in  I he  adjacent  groundwater  as  this  water  enters  the  ponds.  Seepage 
into  (irecn  Pond  from  the  base  of  a limestone  escarpment  (station  21 ) 
provides  some  Indication  of  chemical  nutrient  levels  In  groundwater  having  a 
salinity  of  10  °/oo.  Of  the  dissolved  substances  measured,  only  the  concen- 
tration of  silicate  Is  Increased  by  evaporation  in  the  receiving  body.  However, 
even  In  the  case  of  silicate,  additional  mechanisms  must  he  considered  to 
explain  a four-fold  increase  In  silicate  with  a seven-fold  increase  in  salinity. 

The  wide  variation  in  nutrient  and  chlorophyll  o concentrations  from  pond 
to  pond  suggests  that  the  ponds  are  ecologically  dissimilar.  To  some  extent  this 
dissimilarity  would  follow  from  the  wide  range  of  salinities  encountered.  On 
the  other  hand,  ponds  with  similar  salinities  differed  appreciably  In  properties 
closely  tied  to  biological  processes.  In  at  least  one  comparison  (stations  14  and 
15)  differences  In  the  chemistry  of  Input  waters  are  unlikely,  and  random 
Introductions  of  specific  phytoplunktersor  herbivores  may  serve  to  explain 
differences  In  phytoplankton  standing  crop  us  measured  by  chlorophyll 
concentration.  However,  standing  bodies  of  water  appearing  to  be  chemically 
similar  at  the  time  of  this  survey  may  have  recently  been  dissimilar;  random 
colonizations  would  then  he  significant  in  determining  blulogieul  community 
composition.  Insufficient  time  may  have  elapsed  for  all  potential  colonizers  to 
have  reached  all  habitable  environments, 
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